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ABSTRACT 
NEONATE is a p r o t o t y p e of a n e x p e r t s y s t e m for t h e N e w b o r n 
I n t e n s i v e Care Uni t d e v e l o p e d a t t h e P r i m a r y C h i l d r e n s M e d i c a l C e n t e r i n 
Sa l t L a k e City, U t a h . T h e s y s t e m is d e s i g n e d t o b e e m b e d d e d in t h e HELP 
H o s p i t a l I n f o r m a t i o n S y s t e m a n d as s u c h h a s al l t h e c h a r a c t e r i s t i c s of a HIS 
( d a t a a c q u i s i t i o n , d a t a a n a l y s i s a n d d a t a r e p o r t i n g ) . T h e d e c i s i o n m o d u l e of 
NEONATE is d e s i g n e d t o p r o d u c e a n a d m i s s i o n p r o b l e m l is t a n d t o n o t i f y 
p h y s i c i a n s if t e s t s t h a t p r e v e n t t h e s y s t e m f r o m c o n f i r m i n g o r e l i m i n a t i n g 
d i a g n o s t i c h y p o t h e s e s a r e m i s s i n g . T h e k n o w l e d g e b a s e m i m i c s t h e c o g n i t i v e 
m o d e l t o m a k e t h e s y s t e m as c lose a s p o s s i b l e t o t h e p h y s i c i a n s ' m e t h o d s t o 
e n h a n c e t h e a c c e p t a n c e of t h e s y s t e m i n f u t u r e . 
T h e s y s t e m c u r r e n t l y i n u s e a t t h e N e w b o r n I n t e n s i v e Care Uni t of t h e 
P r i m a r y C h i l d r e n s M e d i c a l C e n t e r is t h e CETUS-100 s y s t e m t h a t h a s d a t a 
a c q u i s i t i o n a n d d a t a r e p o r t i n g c a p a b i l i t i e s , b u t l a c k s d e c i s i o n f e a t u r e s . T h e 
p h y s i c i a n p r o b l e m l is t t h a t a p p e a r s in t h e CETUS r e p o r t is t y p e d m a n u a l l y 
i n t o t h e s y s t e m b y t h e c l e r k s . T h e a d m i s s i o n p r o b l e m l is t t h a t NEONATE 
g e n e r a t e s w a s c o m p a r e d t o t h e p h y s i c i a n a d m i s s i o n p r o b l e m l is t i n t h e 
CETUS r e p o r t . M e a s u r i n g t h e a g r e e m e n t b e t w e e n b o t h p r o b l e m l i s t s u s i n g 
K a p p a s t a t i s t i c s h o w e d K a p p a of 0 . 6 6 2 . NEONATE w a s f o u n d t o p ick u p m o r e 
t r u e p o s i t i v e p r o b l e m s t h a n t h e p h y s i c i a n . T h e m e a n of t h e t r u e p o s i t i v e 
p r o b l e m s of NEONATE w a s 2 . 7 3 3 w h i l e t h e m e a n of t h e p h y s i c i a n w a s 1.867 
(p< 0 . 0 1 ) . T h e m e a n of t h e f a l s e p o s i t i v e p r o b l e m s of NEONATE w a s 0.9 
w h i l e t h e m e a n of t h e p h y s i c i a n w a s 0 .3 (p< 0 . 0 1 ) . NEONATE s e n s i t i v i t y w a s 
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il   ea  f  sici  as .  < . ).  siti ity  
8 2 . 8 2 % w h i l e t h e p h y s i c i a n s e n s i t i v i t y w a s 5 3 . 7 7 % (p < 0 .01 ) . NEONATE 
spec i f i c i t y w a s 9 7 . 1 9 % w h i l e t h e p h y s i c i a n spec i f i c i t y w a s 9 9 . 0 7 % (p < 0 . 0 1 ) . 
T h e r a d i o l o g i c a l f r a m e s , w h i c h a r e u s e d b y t h e I n f e r e n c e E n g i n e t o 
i n t e r p r e t r a d i o l o g i c a l f i n d i n g s of n e w b o r n c h e s t x - r a y f i lms , w e r e u s e d t o 
p r o v e t h a t NEONATE h e l p s p h y s i c i a n s w h o a r e n o t t r a i n e d in r a d i o l o g y t o 
r e a c h a b e t t e r d i a g n o s i s . A s y s t e m t h a t c o m p a r e s t h e r e s i d e n t s p r o b l e m l i s t 
a n d t h e c o m p u t e r s p r o b l e m l is t t o a go ld s t a n d a r d p r o b l e m l is t w a s 
d e v e l o p e d . I t s h o w s t h a t t h e c o m p u t e r h e l p s t h e f i r s t a n d t h e s e c o n d y e a r 
r e s i d e n t s b u t n o t t h e t h i r d y e a r r e s i d e n t s . 
NEONATE p r o v e d t o b e a p o t e n t i a l l y e x c e l l e n t p r o m p t i n g d e v i c e . W h e n 
p h y s i c i a n s w e r e p r o m p t e d m o r e t r u e p o s i t i v e f i n d i n g s a n d p r o b l e m s w e r e 
c o l l e c t e d a t t h e e x p e n s e of m o r e f a l s e p o s i t i v e s . 
A l t h o u g h NEONATE p r o v e d t o h a v e a d v a n t a g e s o v e r t h e p r e s e n t CETUS 
s y s t e m a n d t o b e a s y s t e m f r o m w h i c h h e a l t h c a r e p r a c t i t i o n e r s m i g h t 
b e n e f i t , f u r t h e r t r i a l s a r e n e c e s s a r y t o e s t a b l i s h i t s u s a b i l i t y i n r e a l c l in ica l 
s e t t i n g s . 
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CHAPTER I 
INTRODUCTION 
G e n e r a l R e m a r k s o n E x p e r t S y s t e m s 
E x p e r t s y s t e m s a r e c o m p u t e r p r o g r a m s t h a t a r e c a p a b l e of p e r f o r m i n g 
t a s k s t h a t n o r m a l l y o n l y sk i l l ed a n d t r a i n e d h u m a n b e i n g s a r e a b l e t o 
p e r f o r m . T h e f ie ld of e x p e r t s y s t e m s h a s b e e n u n d e r i n v e s t i g a t i o n d u r i n g 
t h e l a s t t w o d e c a d e s . R e s e a r c h h a s m a i n l y f o c u s e d o n w a y s t o r e p r e s e n t 
k n o w l e d g e i n o r d e r t o p r o v i d e d e c i s i o n s a s c lose a s p o s s i b l e t o t h o s e of t h e 
h u m a n e x p e r t s . M e d i c i n e h a s b e e n v i e w e d a s a v a s t f ie ld w h e r e 
e x p e r i m e n t s o n e x p e r t s y s t e m s c o u l d b e c o n d u c t e d . T h e i d e a t h a t s u c h 
c o m p u t e r p r o g r a m s c o u l d b e u s e d t o h e l p a n d a s s i s t t h e m e d i c a l s taf f i n 
t h e i r c l in ica l w o r k s u b s e q u e n t l y l ed t o r e s e a r c h i n c o m p u t e r s i m u l a t i o n of 
t h e h u m a n r e a s o n i n g p r o c e s s , c o u p l e d w i t h e f f o r t s t o a s s i s t p h y s i c i a n s i n 
c o p i n g w i t h t h e e x p l o s i v e g r o w t h in m e d i c a l k n o w l e d g e . 
A H o s p i t a l I n f o r m a t i o n S y s t e m (HIS) is a g e n e r a l d a t a b a s e 
m a n a g e m e n t s y s t e m fo r a h o s p i t a l . T h e HIS c o n s i s t s of t h r e e m o d u l e s : (i) 
T h e d a t a a c q u i s i t i o n m o d u l e ; (ii) T h e d a t a a n a l y s i s m o d u l e ; a n d (iii) T h e d a t a 
r e p o r t i n g m o d u l e . If t h e H o s p i t a l I n f o r m a t i o n S y s t e m c o n t a i n s d e c i s i o n logic 
in t h e a n a l y s i s m o d u l e a t t h e l e v e l of a n e x p e r t , t h i s m o d u l e c a n t h e n b e 
r e f e r r e d t o a s t h e e x p e r t s y s t e m p a r t of t h e HIS . 
T h e t r a d i t i o n a l s t r u c t u r e of m e d i c a l e x p e r t s y s t e m c o n s i s t s of t h r e e 
c o m p o n e n t s : (i) T h e d a t a b a s e w h e r e t h e d a t a o n a p a r t i c u l a r p a t i e n t a r e 
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s t o r e d , (ii) T h e k n o w l e d g e b a s e w h e r e t h e k n o w l e d g e p e r t a i n i n g t o a 
p a r t i c u l a r f i e ld of m e d i c i n e is s t o r e d ; a n d (iii) T h e i n f e r e n c e e n g i n e w h i c h 
m a k e s a l i n k b e t w e e n t h e d a t a b a s e a n d t h e k n o w l e d g e b a s e . T h e i n f e r e n c e 
p r o c e s s is d o n e b y spec i f i c m e c h a n i s m s , s u c h a s r u l e s - b a s e d etc . , d e s c r i b e d 
b e l o w . 
T o d a y , m e d i c a l e x p e r t s y s t e m s a r e b e i n g d e v e l o p e d i n M e d i c i n e fo r 
p r a c t i c a l u s e a s a n a id t o t h e h e a l t h c a r e p r o v i d e r s . H o w e v e r , s t a t e of t h e 
a r t , m e d i c a l e x p e r t s y s t e m s a r e f a r f r o m t h e i r p o t e n t i a l of s e r v i n g t h e n e e d s 
of t h e h e a l t h p r o f e s s i o n a l s . T h e r e f o r e , t h e a t t i t u d e s of m e d i c a l p r a c t i t i o n e r s 
t o c o m p u t e r s a r e s t i l l a m b i v a l e n t , a f ac t t h a t c a n b e a n o b s t a c l e t o t h e 
i m p l e m e n t a t i o n of s u c h s y s t e m s . To a c h i e v e m a x i m u m s u c c e s s , r e s e a r c h 
t h a t f o c u s e s o n t h e i m p l e m e n t a t i o n of e x p e r t s y s t e m s s h o u l d b e t a i l o r e d t o 
t h e h e a l t h p r o f e s s i o n a l s ' n e e d s s o t h a t t h e s y s t e m s w i l l b e a t t r a c t i v e t o 
t h e m . 
N e e d for E x p e r t S y s t e m s in M e d i c i n e 
M e d i c i n e is a f i e ld i n w h i c h h e l p is n e e d e d . If a l l - k n o w i n g , c o n s i s t e n t , 
e x p e r t s w e r e e v e r - p r e s e n t in e v e r y m e d i c a l c a r e s i t u a t i o n , t h e r e w o u l d b e 
n o n e e d fo r m e d i c a l e x p e r t s y s t e m s . H o w e v e r , s i n c e s u c h is f a r f r o m b e i n g 
t h e c a s e , m e d i c a l e x p e r t s y s t e m s c a n b e of s i g n i f i c a n t a id t o p a t i e n t 
m a n a g e m e n t . T h i s m a n a g e m e n t a id c a n b e e i t h e r i n d i a g n o s i s o r i n 
t r e a t m e n t . 
T h e m a j o r n e e d fo r e x p e r t s y s t e m s c o m e s f r o m t h e f ac t t h a t 
p h y s i c i a n s a r e h u m a n b e i n g s a n d a s s u c h , t h e y a r e n o t a l l - k n o w i n g , a n d 
su f fe r o c c a s i o n a l m e m o r y l a p s e s . C o m p u t e r s ( w h i c h c o n t a i n e x p e r t s y s t e m s ) 
c a n c o m e c lo se t o m a t c h i n g t h e k n o w l e d g e of a n e x p e r t (o r p a n e l of e x p e r t s ) 
i n a c e r t a i n f ie ld . S u c h c o m p u t e r s c a n a l so h e l p t h e l e s s e x p e r t p h y s i c i a n s o r 
stored. (ii) The knowledge base where the knowledge pertaining to a 
particular field of medicine is stored; and (iii) The inference engine which 
makes a link between the data base and the knowledge base. The inference 
process is done by specific mechanisms, such as rules-based etc., described 
below. 
Today, edical expert syste s are being developed in edicine for 
practical use as an aid to the health care providers. o ever, state of the 
art, edical expert syste s are far fro  their potential of serving the needs 
of the health professionals. Therefore, the attitudes of edical practitioners 
to co puters are still a bivalent, a fact that can be an obstacle to the 
i ple entation of such syste s. o achieve axi u  success, research 
t at f c ses  t e i le e tati  f e ert s ste s s l  e tail re  t  
t  lt  r f ssi ls' s s  t t t  s st s ill  ttr ti  t  
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t h e o u t of f ie id p h y s i c i a n s t o c o p e w i t h t h e e x p l o s i v e g r o w t h of m e d i c a l 
k n o w l e d g e . L a w r e n c e L. W e e d [1] a s s e r t s t h a t p h y s i c i a n s c a n n e v e r 
r e m e m b e r e n o u g h , t h e y c a n n e v e r r e t r i e v e f r o m m e m o r y a c c u r a t e l y a n d 
q u i c k l y e n o u g h to c o v e r ai l p o s s i b i l i t i e s ; so t h e y d i s t o r t t h e o r i g i n a l 
p r o b l e m s or lose s igh t of t h e m a l t o g e t h e r . He s e e s c o m p u t e r s a s a n 
e x t e n s i o n of t h e p h y s i c i a n s m e m o r y , m u c h as t h e a u t o m o b i l e is a n 
e x t e n s i o n of o n e s m u s c l e s . He u r g e s t h e u s e of e x p e r t s y s t e m s t o p r o v i d e 
b e t t e r w a y s of o r g a n i z i n g t h e c a r e of m u l t i p l e - p r o b l e m p a t i e n t s [2]. 
C o m p u t e r b a s e d e x p e r t s y s t e m s c a n a l so p r o v i d e b e t t e r m a n a g e m e n t 
of s c i e n c e i n f o r m a t i o n . A s t u d y b y W i l l i a m s o n e t al . [3), t o i d e n t i f y self-
p e r c e i v e d p r o b l e m s in m a n a g i n g s c i e n c e i n f o r m a t i o n , s u g g e s t s t h a t 
p u b l i s h e d r e v i e w s a r e t h e m o s t u s e f u l m e a n s of fulf i l l ing t h o s e i n f o r m a t i o n 
n e e d s of p r a c t i t i o n e r s a n d t h e i r o p i n i o n l e a d e r s . L e s s t h a n 1 in 3 
p r a c t i t i o n e r s p e r s o n a l l y s e a r c h e d t h e l i t e r a t u r e w h e n i n f o r m a t i o n w a s 
n e e d e d . T w o i n 3 c l a i m e d l i t e r a t u r e v o l u m e w a s u n m a n a g e a b l e . T h e s t u d y 
c o n c l u d e d t h a t 9 of 10 p r a c t i t i o n e r s a n d o p i n i o n l e a d e r s a s s e s s e d t h e 
sc ien t i f i c v a l u e of l i t e r a t u r e p r i m a r i l y f r o m t h e i r o w n e x p e r i e n c e w i t h l e s s 
t h a n 1 i n 10 c o n t a c t i n g r e s e a r c h m e t h o d s s p e c i a l i s t s . I t w a s c o n c l u d e d t h a t 
p r i m a r y p r a c t i t i o n e r s r e q u i r e s u b s t a n t i a l h e l p i n m e e t i n g c u r r e n t s c i e n c e 
i n f o r m a t i o n n e e d s a n d t h a t e x p e r t n e t w o r k s c o n t a i n i n g a d i s t i l l a t i o n of 
c u r r e n t m e d i c a l s c i e n c e m i g h t h e l p m e e t t h e s e n e e d s . T h i s s t u d y f u r t h e r 
s u g g e s t s t h a t d a t a t h a t a r e s t o r e d in c o m p u t e r n e t w o r k s c a n b e u s e d for 
u p d a t i n g t h e k n o w l e d g e b a s e for q u a l i t y a s s u r a n c e a n d for r e s e a r c h . 
E x p e r t s y s t e m s c a n h e l p m a k e m e d i c a l c a r e m o r e c o n s i s t e n t . As 
p o i n t e d o u t b y B r e n t J a m e s [4] c o n s i s t e n c y o r r a t h e r t h e e l i m i n a t i o n of 
i n a p p r o p r i a t e v a r i a t i o n is t h e k e y t o i m p r o v e d q u a l i t y in m e d i c i n e . 
C o n s i s t e n c y is i m p r o v e d a t s e v e r a l l e v e l s . At t h e l e v e l of t h e i n d i v i d u a l 
 
the out of field physicians to cope with the explosive growth of medical 
knowledge. Lawrence L. Weed tIl asserts that physicians can never 
remember enough, they can never retrieve from memory accurately and 
quickly enough to cover all possibilities; so they distort the original 
problems or lose sight of them altogether. He sees computers as an 
extension of the physician's memory, much as the automobile IS an 
extension of one 's muscles. He urges the use of expert systems to provide 
better ways of organizing the care of multiple-problem patients [21. 
Computer based expert systems can also provide better management 
of science information. A study by Williamson et al. [31. to identify self-
perceived problems in managing science information, suggests that 
published reviews are the most useful means of fulfilling those information 
needs of practitioners and their opinion leaders. Less than 1 in 3 
practitioners personally searched the literature when information was 
needed. Two in 3 claimed literature volume was unmanageable. The study 
concluded that 9 of 10 practitioners and opinion leaders assessed the 
scientific value of literature primarily from their own experience with less 
than I in 10 contacting research methods specialists. It was concluded that 
primary practitioners require substantial help in meeting current science 
information needs and that expert networks containing a distillation of 
current medical science might help meet these needs. This study further 
suggests that data that are stored in computer networks can be used for 
updating the knowledge base for quality assurance and for research. 
Expert systems can help make medical care more consistent. As 
pointed out by Brent James [4) consistency or rather the elimination of 
inappropriate variation is the key to improved quality in medicine. 
Consistency is improved at several levels. At the level of the individual 
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e x p e r t c l in ic i an , i n c o n s i s t e n c i e s d u e t o t i m e c o n s t r a i n t s o r f a t i g u e a r e 
e l i m i n a t e d . At a n o t h e r l eve l , c o m p u t e r s c a n a l so e n c o u r a g e c o n s e n s u s w i t h i n 
a g r o u p of c l i n i c i a n s a n d o n a s t i l l b r o a d e r l e v e l , e n c o u r a g e c o n s e n s u s a m o n g 
h o s p i t a l s in a h o s p i t a l s y s t e m . E x p e r t s h a v e e v e n d i s c o v e r e d i n c o n s i s t e n c i e s 
in t h e w a y t h e y p r a c t i c e w h e n t h e y a t t e m p t t o o r g a n i z e a n d s t r u c t u r e t h e i r 
k n o w l e d g e t o m e e t t h e r e q u i r e m e n t s of a c o m p u t e r r e s i d e n t k n o w l e d g e ­
b a s e . 
C a t e g o r i e s of A p p l i c a t i o n of M e d i c a l E x p e r t S y s t e m s 
T h e r e a r e t h r e e c a t e g o r i e s of a p p l i c a t i o n s of e x p e r t s y s t e m s i n 
m e d i c i n e : (i) a l e r t i n g ; (ii) d i a g n o s i s ( p r o m p t i n g ) ; a n d (iii) p r o t o c o l s 
m a n a g e m e n t . 
T h e a l e r t i n g f u n c t i o n of a n e x p e r t s y s t e m is fo r t h e p u r p o s e of t e l l i n g 
c l i n i c i a n s t h a t s o m e t h i n g is w r o n g . E x a m p l e s m i g h t b e t h a t a c h e m i s t r y i s 
o u t of t h e n o r m a l r a n g e , o r t h a t t h e h e a r t r a t e h a s c h a n g e d s i gn i f i c an t l y , o r 
t h a t a p r e s c r i b e d m e d i c a t i o n h a s n o t b e e n g i v e n . W h i l e a l e r t i n g is l e s s 
s o p h i s t i c a t e d t h a n t h e d i a g n o s t i c f u n c t i o n , i t is v e r y i m p o r t a n t for a v e r t i n g 
c a t a s t r o p h e . As t h e v a l u e of a l e r t i n g is e s t a b l i s h e d , t h e d e b a t e o v e r c o s t 
e f f e c t i v e n e s s of c l in ica l c o m p u t e r s w i l l d i s a p p e a r . No h o s p i t a l w i l l d a r e t o b e 
w i t h o u t t h e p r o t e c t i o n of e x p e r t s y s t e m a l e r t i n g . 
T h e d i a g n o s t i c f u n c t i o n of a n e x p e r t s y s t e m g o e s b e y o n d a w a r n i n g 
t h a t s o m e t h i n g is w r o n g ; i t a t t e m p t s t o p i n p o i n t t h e u n d e r l y i n g i l l n e s s o r 
c o n d i t i o n . S o m e t i m e s t h e d i a g n o s i s is b a s e d o n a l i m i t e d s e t of d a t a . For 
e x a m p l e , a c a r d i a c a r r y t h m i a u s e s o n l y t h e ECG. D i a g n o s i n g o t h e r c o n d i t i o n s 
o r i l l n e s s e s m a y r e q u i r e l a b t e s t s , x - r a y s , p a t i e n t h i s t o r y a n d p h y s i c a l 
e x a m s . I n s u c h c a s e s a p r a c t i c a l e x p e r t s y s t e m ( l i ke a g o o d p h y s i c i a n ) 
s h o u l d m a k e j u d i c i o u s u s e of m e d i c a l r e s o u r c e s . I t s h o u l d p r o m p t t h e u s e r 
 
expert clinician, inconsistencies due to time constraints or fatigue are 
eliminated. At another level, computers can also encourage consensus within 
a group of clinicians and on a still broader level, encourage consensus among 
hospitals in a hospital syste . Experts have even discovered inconsistencies 
in the ay they practice hen they atte pt to organize and structure their 
kno ledge to eet the require ents of a co puter resident kno ledge-
base. 
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for o n l y t h a t i n f o r m a t i o n t h a t is b e s t c a l c u l a t e d t o r u l e o u t r e m a i n i n g 
d i a g n o s t i c p o s s i b i l i t i e s . 
T h e p r o t o c o l f u n c t i o n of a n e x p e r t s y s t e m w h e n c o m b i n e d w i t h t h e 
d i a g n o s t i c f u n c t i o n t e l l s n o t o n l y w h a t is w r o n g w i t h t h e p a t i e n t ; b u t a lso , 
w h a t t o d o a b o u t it. If a n e x p e r t s y s t e m w e r e i n t e r f a c e d d i r e c t l y t o a 
r e s p i r a t o r a n d IV p u m p s , a s p e c t s of t h e p r o t o c o l c o u l d b e i m p l e m e n t e d 
a u t o m a t i c a l l y . E v e n w h e r e e x p e r t s y s t e m p r o t o c o l s a r e p r e s e n t e d o n l y a s 
r e c o m m e n d a t i o n s t o c l i n i c i ans , t h e y of fe r g r e a t e r i n d u c e m e n t s t o u t i l i z a t i o n 
t h a n p a p e r p r o t o c o l s . For i n s t a n c e , w h e r e a c o m p u t e r t e r m i n a l is a l so b e i n g 
u s e d for p l a c i n g o r d e r s a n d r e v i e w i n g r e s u l t s , t h e s y s t e m c a n m a k e p r o t o c o l 
d i f f icul t t o i g n o r e . Also , a c o m p u t e r s y s t e m h a s t h e a b i l i t y t o m a k e al l 
m e m b e r s of t h e m e d i c a l t e a m a w a r e of p r o t o c o l v i o l a t i o n s i m m e d i a t e l y . 
B a c k g r o u n d - R e v i e w of P r e v i o u s D i a g n o s t i c E x p e r t S y s t e m s 
W h i l e t h e r e h a v e b e e n m a n y s u c c e s s f u l e x p e r t s y s t e m d e v e l o p m e n t s 
d i r e c t e d t o w a r d s m e d i c a l d i a g n o s i s , m o s t of t h e m a r e r e s t r i c t e d t o t o o s m a l l 
of a f i e ld ( s u b s p e c i a l t y ) t o s e r v e t h e a p p l i c a t i o n n e e d d e s c r i b e d a b o v e . For 
e x a m p l e MYCIN [5,6] is l i m i t e d t o a d v i s i n g p h y s i c i a n s a n d m e d i c a l s t u d e n t s 
a b o u t t h e a p p r o p r i a t e t r e a t m e n t of i n f e c t i o n . CASNET [71 is r e s t r i c t e d t o 
c a s e s of G l a u c o m a . T h e P r e s e n t I l l n e s s P r o g r a m ( P I P ) [8] d e a l s w i t h r e n a l 
p h y s i o l o g y a n d p a t h o l o g y , w h i l e ABEL [9] is r e s t r i c t e d t o ac id e l e c t r o l y t e s 
d i s o r d e r s . T h e s e p r o g r a m s w e r e n o t i n t e n d e d t o b e u s e d c l in ica l ly ; t h e i r 
i n t e n d e d p u r p o s e w a s t h a t of d e m o n s t r a t i n g c a p a b i l i t i e s of e x p e r t s y s t e m s 
in t h e m e d i c a l f ie ld . E x a m p l e of s y s t e m s t h a t d o n o t h a v e t h e s u b s p e c i a l t y 
l i m i t a t i o n a r e INTERNIST [10] , CADIAG-2 [11] , IL IAD [12 ] a n d HELP [ 1 3 , 
14 ,151. 
 
for only that information that is best calculated to rule out remaining 
diagnostic possibilities. 
The protocol function of an expert system when combined with the 
diagnostic function tells not only what is wrong with the patient; but also, 
what to do about it. If an expert system were interfaced directly to a 
respirator and IV pumps, aspects of the protocol could be implemented 
automatically. Even where expert system protocols are presented only as 
recommendations to clinicians, they offer greater inducements to utilization 
than paper protocols. For instance, where a computer terminal is also being 
used for placing orders and reviewing results, the system can make protocol 
difficult to ignore. Also, a computer system has the ability to make all 
members of the medical team aware of protocol violations immediately. 
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E x p e r t s y s t e m s v a r y in t h e w a y t h a t t h e k n o w l e d g e b a s e is 
r e p r e s e n t e d a n d in t h e i r i n f e r e n c e m e c h a n i s m . M y c i n w a s t h e f i r s t p r o g r a m 
t h a t a c q u a i n t e d us w i t h t h e r u l e - b a s e d m e t h o d . T h e s y s t e m u s e s a 
b a c k w a r d - c h a i n i n g p r o c e s s t h a t t r i e s t o s a t i s f y t h e c o n s e q u e n t p a r t of t h e 
r u l e s b y t h e a n t e c e d e n t p a r t . As m e d i c a l r u l e s i n v o l v e u n c e r t a i n t y , M y c i n 
a s s o c i a t e s a c e r t a i n t y f a c t o r w i t h e a c h r u l e , w h i c h is a n u m b e r b e t w e e n 0 
a n d 1. 
LNTERNIST [10] t h e p r o g r a m u s e s a n a d h o c m e c h a n i s m for g e n e r a t i n g 
t h e d i f f e r e n t i a l d i a g n o s i s in t h e d o m a i n of i n t e r n a l m e d i c i n e . I t c r e a t e s t h e 
d i f f e r e n t i a l d i a g n o s i s l i s t f r o m t h e p o s i t i v e a n d t h e n e g a t i v e m a n i f e s t a t i o n s 
t h a t a r e a s s o c i a t e d w i t h e a c h d i s e a s e . T h e d i a g n o s e s in INTERNIST a r e 
c l a s s i f i ed i n a d i s e a s e h i e r a r c h y . Th i s c o n t r o l s t h e p r o l i f e r a t i o n of 
h y p o t h e s e s d u r i n g t h e d i a g n o s t i c p r o c e s s . For e a c h h y p o t h e s i s , a s c o r e is 
c o m p u t e d t h a t p e r m i t s r a n k i n g d i s e a s e s a c c o r d i n g t o t h e i r l i k e l i h o o d s . T h e 
d i f f e r e n t i a l d i a g n o s i s l i s t is s o r t e d a n d r e f i n e d t i l l a f i n a l l is t is c r e a t e d o r 
t h e c o m p u t e r c a n n o t r e a c h a n y c o n c l u s i o n . T h i s s y s t e m c u r r e n t l y h a s 5 0 0 
d i s e a s e s in i t s d a t a b a s e w i t h 2 6 0 0 l i n k s a n d 3 5 5 0 m a n i f e s t a t i o n s . 
A d i f f i cu l ty w i t h t h e h i e r a r c h i c a l c l a s s i f i c a t i on m e c h a n i s m of 
INTERNIST is t h a t p r o b l e m s h a v e n o s u b s t a n c e o u t s i d e t h e c o n t e x t of a 
p a r t i c u l a r c a s e in w h i c h t h e y e m e r g e , l e a d i n g t o m i s s e d d i a g n o s e s . T o 
o v e r c o m e t h i s l i m i t a t i o n a m o r e h i g h l y s t r u c t u r e d k n o w l e d g e b a s e , c a l l ed 
CADUCEUS, w a s d e v e l o p e d b y P o p l e e t al . [16 ] . I n CADUCEUS a n e w t y p e of 
n e t w o r k w a s a d d e d t o t h e k n o w l e d g e b a s e c a l l e d a c a u s a l n e t w o r k o r a lso , a 
d e e p n e t w o r k . " T h e m a n i f e s t a t i o n s of a d i s e a s e a r e o r g a n i z e d o n t h e b a s i s 
of t h e p a t h o l o g i c a l s t a t e s g i v i n g r i s e t o t h e o b s e r v a t i o n s , a n d t h e s e s t a t e s 
a r e in t u r n o r g a n i z e d i n t o a c a u s a l n e t w o r k . T h e n o d e s h a v e l i n k s t h a t a r e 
l a b e l l e d a s " c a u s e d - b y . CADUCEUS u s e s h e u r i s t i c o p e r a t o r s for c o m b i n i n g 
 
Expert systems vary in the way that the knowledge base 1S 
represented and in their inference mechanism. :v'1ydn was the first program 
that acquainted us with the rule-based method. The sYstem uses a 
backward-chaining process that tries to satisfy the consequent part of the 
rules by the antecedent part. As medical rules involve uncertainty, Mycin 
associates a certainty factor with each rule, which is a number between 0 
and 1. 
INTERNIST [10 J the program uses an ad hoc mechanis m for generating 
the differential diagnosis in the domain of internal medicine. It creates the 
differential diagnosis list from the positive and the negative manifestations 
that are associated with each disease. The diagnoses in INTERNIST are 
classified in a disease hierarchy. This controls the proliferation of 
hypotheses during the diagnostic process. For each hypothesis, a score is 
computed that permits ranking diseases according to their likelihoods. The 
differential diagnosis list is sorted and refined till a final list is created or 
the computer cannot reach any conclusion. This system currently has 500 
diseases in its data base with 2600 links and 3550 manifestations. 
A difficulty with the hierarchical classification mechanism of 
INTERNIST is that problems have no substance outside the context of a 
particular case in which they emerge, leading to missed diagnoses. To 
overcome this limitation a more highly structured knowledge base, called 
CADUCEUS, was developed by Pople et al. (16]. In CADUCEUS a new type of 
network was added to the knowledge base caUed a causal network or also, a 
"deep network." The manifestations of a disease are organized on the basis 
of the pathological states giving rise to the observations, and these states 
are in turn organized into a causal network. The nodes have links that are 
labelled as "caused-by." CADUCEUS uses heuristic operators for combining 
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i n d e p e n d e n t t a s k s of t h e s y s t e m . As s u c h , CADUCEUS r e p r e s e n t s t h e 
e s s e n t i a l n a t u r e of t h e d i a g n o s t i c r e a s o n i n g p r o c e s s . A s e c o n d e x a m p l e of a 
s y s t e m t h a t u s e s c a u s a l n e t w o r k s is ABEL, d e v e l o p e d b y Pa t i l e t al . [9]. T h i s 
s y s t e m d i f f e r s f r o m CADUCEUS in t h a t a s s o c i a t i o n a i l i n k s a n d g r o u p i n g l i n k s 
a r e u s e d . T h i s s y s t e m h a s i t s o p e r a t o r s fo r c o n s t r u c t i n g t h e p a t i e n t m o d e l 
f r o m t h e spec i f i c d a t a a b o u t t h e p a t i e n t . CASNET [7] is a t h i r d e x a m p l e of a 
s y s t e m t h a t u s e s c a u s a l n e t w o r k . U n i q u e t o CASNET is t h e u s e of a spec i f i c 
p r o b a b i l i s t i c m e t h o d t o d e s c r i b e a d i s e a s e . 
EXPERT [17] s y s t e m d e v e l o p e d b y K u l i k o w s k i , W e i s s a n d K e r n a t 
R u t g e r s U n i v e r s i t y u s e s p r o d u c t i o n r u l e s i n a c a u s a l - i n f e r e n t i a l n e t w o r k . 
A I / R h e u m [18] , w h i c h is a c o m p u t e r - b a s e d r h e u m a t o l o g y c o n s u l t a n t 
p e r f o r m i n g a t t h e l e v e l of a n e x p e r t , r u n s u n d e r t h e EXPERT s y s t e m . EXPERT 
a l l o w s A I / R h e u m t o u s e p a t i e n t f i n d i n g s t o i n f e r d i s e a s e h y p o t h e s e s . 
T h e k n o w l e d g e b a s e of t h e P r e s e n t I l l n e s s P r o g r a m ( P I P ) [8] is b a s e d 
o n a p a t t e r n m a t c h i n g m e t h o d . If a f i n d i n g m a t c h e s o n e of t h e h y p o t h e s e s 
t h e n t h a t h y p o t h e s i s b e c o m e s a c t i v e . T h e p r o g r a m h a s a s c o r i n g s y s t e m t h a t 
m e a s u r e s t h e l i k e l i h o o d of i t s l e a d i n g h y p o t h e s i s . T h e l i k e l i h o o d is 
e s t i m a t e d b y c o m b i n i n g a f u n c t i o n t h a t m e a s u r e s t h e f i t of t h e o b s e r v e d 
f i n d i n g s t o t h e e x p e c t a t i o n s of t h e h y p o t h e s i s w i t h a f u n c t i o n t h a t is t h e 
r a t i o of t h e n u m b e r of f i n d i n g s t h a t a r e a c c o u n t e d fo r b y t h e h y p o t h e s i s t o 
t h e t o t a l n u m b e r of e x i s t i n g f i n d i n g s . T h e s e t w o c o m p o n e n t s of t h e 
l i k e l i h o o d e s t i m a t e a r e c a l l e d t h e m a t c h i n g s c o r e a n d t h e b i n d i n g s c o r e . 
RECONSIDER [19] is a n i n t e r a c t i v e p r o g r a m t h a t p r o d u c e s a d i f f e r e n t i a l 
d i a g n o s i s g i v e n a l is t of p a t i e n t a t t r i b u t e s . A t t r i b u t e s t h a t d e f i n e e a c h 
d i s e a s e a r e p a r t i t i o n e d i n t o p a r t s s u c h a s e t i o l o g y , s i g n s , l a b o r a t o r y d a t a , 
e t c . T h e p r o g r a m m a t c h e s t h e a t t r i b u t e s . A p h y s i c i a n is a b l e t o e n t e r a l i s t of 
c l in ica l f i n d i n g s a n d is t h e n p r o v i d e d w i t h a l i s t of d i a g n o s e s i n w h i c h t h o s e 
independent tasks of the system. As such. CADUCEUS represents the 
essential nature of the diagnostic reasoning process. A second example of a 
system that uses causal networks is ABEL, developed by PatH et at. [9]. This 
system differs from CADUCEUS in that associational links and grouping links 
are used. This system has its operators for constructing the patient model 
from the specific data about the patient. CASNET [7] is a third example of a 
system that uses causal network. Unique to CASNET is the use of a specific 
probabilistic method to describe a disease. 
EXPERT [17] system developed by Kulikowski. Weiss and Kern at 
Rutgers University uses production rules in a causal-inferential network. 
AI/Rheum [181. which is a computer-based rheumatology consultant 
performing at the level of an expert, runs under the EXPERT system. EXPERT 
allows AI/Rheum to use patient findings to infer disease hypotheses. 
The knowledge base of the Present Illness Program (PIP) 18] is based 
on a pattern matching method. If a finding matches one of the hypotheses 
then that hypothesis becomes active. The program has a scoring system that 
measures the likelihood of its leading hypothesis. The likelihood is 
estimated by combining a function that measures the fit of the observed 
findings to the expectations of the hypothesis with a function that is the 
ratio of the number of findings that are accounted for by the hypothesis to 
the total number of existing findings. These two components of the 
likelihood estimate are called the matching score and the binding score. 
RECONSIDER [19) is an interactive program that produces a differential 
diagnosis given a list of patient attributes. Attributes that define each 
disease are partitioned into parts such as etiology, signs, laboratory data, 
etc. The program matches the attributes. A physician is able to enter a list of 
clinical findings and is then provided with a list of diagnoses in which those 
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c l in ica l m a n i f e s t a t i o n s a r e a t t r i b u t e s . T h e l i s t is o r d e r e d so t h a t t h e 
d i a g n o s i s t h a t b e s t m a t c h e s t h e s e t of a t t r i b u t e s is l i s t e d f i r s t . T h e u s e r 
c o n t r o l s t h e s e a r c h b y s e l e c t i n g s t r o n g e r o r w e a k e r d e f i n i t i o n s of t h e m a t c h 
b e t w e e n t h e p a t i e n t s f i n d i n g s a n d d i s e a s e a t t r i b u t e s t o b r o a d e n o r n a r r o w 
t h e s e a r c h . T h e p r o g r a m i n c l u d e s 3 , 2 6 2 d i s e a s e d e f i n i t i o n s . RECONSIDER w a s 
r e c e n t l y i m p l e m e n t e d a t G e o r g e t o w n U n i v e r s i t y M e d i c a l C e n t e r . T h e s y s t e m 
is u s e d for t e a c h i n g p u r p o s e s , t o e x p o s e m e d i c a l s t u d e n t s t o s p e c i a l 
c o m p u t e r a p p l i c a t i o n s i n t h e i r p r o f e s s i o n , t o r a i s e t h e i r l e v e l of c o m p u t e r 
c o m p e t e n c y a n d t o c o m p e n s a t e for t h e m i s s i n g e d u c a t i o n a l e x p e r i e n c e [20 ] . 
ILIAD [12 ] is a s y s t e m t h a t u s e s m a i n l y s t a t i s t i c a l i n f e r e n c e p r o c e s s . I t 
u s e s k n o w l e d g e f r a m e s fo r d i s e a s e s e n c o u n t e r e d i n i n t e r n a l m e d i c i n e t o 
t e a c h m e d i c a l s t u d e n t s a b o u t d i f f e r e n t i a l d i a g n o s i s . I t s k n o w l e d g e is 
r e p r e s e n t e d i n b o t h B a y e s e a n a n d B o o l e a n f r a m e s t h a t p e r m i t t h e u s e of 
s e n s i t i v i t i e s a n d spec i f i c i t i e s t o d e s c r i b e t h e r e l a t i o n s h i p of a d i s e a s e t o i t s 
m a n i f e s t a t i o n s a n d t o p r o v i d e a b a s i s fo r e x p l a i n i n g i t s c o n c l u s i o n s . I n 
a d d i t i o n t o d i f f e r e n t i a l d i a g n o s i s , I l i ad p r o v i d e s a d v i c e r e g a r d i n g t h e m o s t 
a p p r o p r i a t e i n f o r m a t i o n t o s e e k a t e a c h s t a g e of t h e w o r k - u p . T h e I l i ad 
k n o w l e d g e b a s e is a l s o u s e d t o s i m u l a t e p a t i e n t c a s e s a n d e v a l u a t e t h e 
p r o b l e m s o l v i n g p e r f o r m a n c e of m e d i c a l s t u d e n t s . 
ICON [21] , d e v e l o p e d b y S w e t t a n d Mi l l e r is a c o m p u t e r - b a s e d e x p e r t 
s y s t e m b e i n g d e v e l o p e d t o h e l p r a d i o l o g i s t s w i t h t h e p r o c e s s of d i f f e r e n t i a l 
d i a g n o s i s . I t is b u i l t w i t h t h e u s e of ESSENTIAL-ATTENDING, a c o m p u t e r 
p r o g r a m d e v e l o p e d t o h e l p c o n s t r u c t e x p e r t c r i t i q u i n g s y s t e m s . ESSENTIAL-
ATTENDING h a s t h r e e c o m p o n e n t s : p r o d u c t i o n r u l e s , e x p r e s s i v e f r a m e s a n d 
a p r o s e g e n e r a t o r . ICON h a s t w o c o m p o n e n t s : a d o m a i n i n d e p e n d e n t p a r t 
(ESSENTIAL-ATTENDING) a n d a d o m a i n spec i f i c p a r t . ICON f o c u s e s o n t h e 
d o m a i n of l u n g d i s e a s e a s s e e n o n a c h e s t r a d i o g r a p h i n p a t i e n t s w i t h 
clinical manifestations are attributes. The list is ordered so that the 
diagnosis that best matches the set of attributes is listed first. The user 
controls the search by selecting stronger or weaker definitions of the match 
between the patient's findings and disease attributes to broaden or narrow 
the search. The program includes 3,262 disease definitions. RECONSIDER was 
recently implemented at Georgetown University Medical Center. The system 
is used for teaching purposes, to expose medical students to special 
computer applications in their profession, to raise their level of computer 
competency and to compensate for the missing educational experience [20]. 
ILIAD (12] is a system that uses mainly statistical inference process. It 
uses knowledge frames for diseases encountered in internal medicine to 
teach medical students about differential diagnosis. Its knowledge is 
represented in both Bayesean and Boolean frames that permit the use of 
sensitivities and specificities to describe the relationship of a disease to its 
manifestations and to provide a basis for explaining its conclusions. In 
addition to differential diagnosis, Iliad provides advice regarding the most 
appropriate information to seek at each stage of the work-up. The Iliad 
knowledge base is also used to simulate patient cases and evaluate the 
problem solving performance of medical students. 
ICON (21], developed by Swett and iller is a computer-based expert 
system being developed to help radiologists with the process of differential 
diagnosis. It is built with the use of ESSENTIAL-ATTENDING, a computer 
program developed to help construct expert critiquing systems. ESSENTIAL-
ATTENDING has three components: production rules, expressive frames and 
a prose generator. ICON has two co ponents: a do ain independent part 
(ESSENTIAL-ATTENDING) and a domain specific part. ICON focuses on the 
domain of lung disease as seen on a chest radiograph in patients with 
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l y m p h o p r o l i f e r a t i v e d i s o r d e r s . ICON a s k s t h e r a d i o l o g i s t t o p r o p o s e a 
d i a g n o s i s a n d t h e n i t g i v e s t h e e v i d e n c e s u p p o r t i n g t h a t d i a g n o s i s o r 
c o m p e t i n g d i a g n o s e s . T h e s y s t e m ' s o u t p u t is i n t h e f o r m of a n Eng l i sh p r o s e 
c r i t i q u e . T h i s a p p r o a c h c o m b i n e s t h e c o m p u t e r ' s a b i l i t y t o r e c a l l d e t a i l e d 
i n f o r m a t i o n w i t h h u m a n r e a s o n i n g sk i l l s . 
CADIAG-2 [11] is a n e x p e r t s y s t e m t h a t u s e s q u a n t i t a t i v e n u m b e r s t o 
c h a r a c t e r i z e t h e s t r e n g t h a n d a s s o c i a t i o n b e t w e e n s y m p t o m s a n d d i s e a s e s . 
T h e s e q u a n t i t a t i v e n u m b e r s a r e i n t e r p r e t e d a n d m a n i p u l a t e d b y m e a n s of 
f u z z y s e t t h e o r y a n d f u z z y logic. 
CADIAG-2 is a n e x a m p l e of a c o m p r e h e n s i v e s y s t e m t h a t is a b l e t o 
a c c e s s p a t i e n t d a t a a n d l a b o r a t o r y t e s t r e s u l t s a l r e a d y c o l l e c t e d i n t h e 
p a t i e n t s d a t a b a s e . I t h a s a u t o m a t i c s c r e e n i n g p r o c e d u r e s t o d e t e c t 
a b n o r m a l f i n d i n g s a n d t o p r o p o s e f u r t h e r u s e f u l e x a m i n a t i o n a n d a n o n - l i n e 
c o n s u l t a t i o n s y s t e m fo r t h e c l i n i c i an t o a s s i s t h i m o r h e r in c l a r i f y i n g t h e 
p a t i e n t s d i s o r d e r c o m p l e t e l y a n d in g r e a t d e t a i l . T h i s s y s t e m , u n l i k e m o s t of 
t h e s y s t e m s , is n o t a s t a n d a l o n e s y s t e m , b u t e m b e d d e d in a HIS . I t is a 
d a t a - d r i v e n s y s t e m . T h e r e a r e v e r y f e w d a t a - d r i v e n s y s t e m s s u c h a s t h e 
HELP s y s t e m [13 , 14 , 151 , PUFF [22] a n d INTERNIST. V e r y f e w of t h e s e 
s y s t e m s a r e i n t e g r a t e d i n t o a c e n t r a l H o s p i t a l I n f o r m a t i o n S y s t e m . 
Each of t h e m e d i c a l e x p e r t s y s t e m s h a s d i f f e r e n t c h a r a c t e r i s t i c s : t h e 
w a y t h a t d a t a a r e c o d e d a n d s t o r e d ; t h e w a y t h a t t h e k n o w l e d g e b a s e is 
s t r u c t u r e d a n d r e p r e s e n t e d ; t h e m o d e of t h e u s e r - i n t e r a c t i o n w i t h t h e 
s y s t e m a n d t h e s y s t e m o u t p u t . D e s p i t e t h e t r e m e n d o u s e f f o r t s t o 
c o m p u t e r i z e t h e m e d i c a l p r a c t i c e , p a r t i a l l y o r c o m p l e t e l y , t h e s u c c e s s is 
v e r y e l u s i v e . T h i s m i g h t b e d u e t o s e v e r a l r e a s o n s : n e g a t i v e a t t i t u d e s of 
p r a c t i t i o n e r s t o c o m p u t e r s , u n m e t n e e d s of m e d i c a l c a r e p r o v i d e r s , 
lymphoproliferative disorders. ICON asks the radiologist to propose a 
diagnosis and then it gives the evidence supporting that diagnosis or 
competing diagnoses. The system's output is in the form of an English prose 
critique. This approach combines the computer's ability to recall detailed 
information with human reasoning skills. 
CADIAG-2 [Ill is an expert system that uses quantitative numbers to 
characterize the strength and association between symptoms and diseases. 
These quantitative numbers are interpreted and manipulated by means of 
fuzzy set theory and fuzzy logic. 
CADIAG-2 is an example of a comprehensive system that is able to 
access patient data and laboratory test results already collected in the 
patient's data base. It has automatic screening procedures to detect 
abnormal findings and to propose further useful examination and an on-line 
consultation system for the clinician to assist him or her in clarifying the 
patient's disorder completely and in great detail. This system, unlike most of 
the systems, is not a stand alone system, but embedded in a HIS. It is a 
data-driven system. There are very few data-driven systems such as the 
HELP system [13 , 14 , 151, PUFF [221 and INTERNIST. Very few of these 
systems are integrated into a central Hospital Information System. 
Each of the medical expert systems has different characteristics: the 
way that data are coded and stored: the way that the knowledge base is 
structured and represented; the mode of the user-interaction with the 
system and the system output. Despite the tremendous efforts to 
co puterize the edical practice, partially or co pletely, the success is 
very elusive. This ight be due to several reasons: negative attitudes of 
practitioners to co puters, un et needs of edical care providers, 
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c u m b e r s o m e h a r d w a r e , o r i n a b i l i t y of c o m p u t e r s y s t e m s t o f u n c t i o n a n d 
b e h a v e in t h e s a m e w a y t h a t p h y s i c i a n s do . 
A H o s p i t a l I n f o r m a t i o n S y s t e m t h a t is c u r r e n t l y i n u s e w i t h s u c c e s s 
a n d h a s e x p e r t s y s t e m e l e m e n t s e m b e d d e d in i t is t h e HELP s y s t e m [14 ,151 . 
T h e HELP (for H e a l t h E v a l u a t i o n t h r o u g h Logica l P r o c e s s i n g ) H o s p i t a l 
I n f o r m a t i o n S y s t e m c o n s i s t s of a c o m p r e h e n s i v e e x p e r t s y s t e m for 
a c q u i r i n g m e d i c a l d a t a a n d i m p l e m e n t i n g d e c i s i o n logic. T h e d e v e l o p m e n t 
h a s b e e n o n g o i n g for o v e r 2 0 y e a r s a t t h e U n i v e r s i t y of U t a h a n d t h e LDS 
H o s p i t a l i n Sa l t L a k e City, U t a h . T h i s s y s t e m is p r e s e n t l y o p e r a t i o n a l a t LDS 
H o s p i t a l w h i c h is a 5 5 0 - b e d t e r t i a r y c a r e h o s p i t a l s e r v i n g t h e n e e d s of t h e 
I n t e r m o u n t a i n W e s t . F o u r o b j e c t i v e s w e r e o u t l i n e d i n t h e d e v e l o p m e n t of 
HELP. T h e y a r e : ( 1 ) t h e s y s t e m m u s t b e a b l e a c c o m m o d a t e a n e v e r -
e x p a n d i n g m e d i c a l d a t a b a s e ; ( 2 ) t h e s y s t e m h a s t o p r o c e s s m e d i c a l d e c i s i o n 
logic; ( 3 ) t h e s y s t e m h a s t o b e c a p a b l e of s e r v i n g b o t h t h e m e d i c a l a n d 
a d m i n i s t r a t i v e n e e d s of t h e h o s p i t a l ; a n d ( 4 ) t h e s y s t e m m u s t p r o v i d e 
e f f e c t i v e r e s e a r c h s u b s y s t e m s t h a t f a c i l i t a t e c l in ica l r e s e a r c h o n t h e l a r g e 
d a t a b a s e n a t u r a l l y a c q u i r e d b y t h e s y s t e m . 
T h e s y s t e m c h a r a c t e r i s t i c s a r e : ( 1 ) t h e d e c i s i o n logic is m o d u l a r w i t h 
c o n t r o l a n d i n t e r a c t i o n of m o d u l e s d e t e r m i n e d b y m e d i c a l e x p e r t s fo r a 
g i v e n m o d u l e ; ( 2 ) t h e p r o c e s s i n g of t h e d e c i s i o n c r i t e r i a is d a t a d r i v e n ; (3 ) 
t h e s y s t e m is d e s i g n e d t o p r o v i d e o u t p u t t o a v a r i e t y of s o u r c e s ; a n d ( 4 ) t h e 
s y s t e m h a s b e e n d e s i g n e d t o i n t e r a c t w i t h t h e d a t a a c q u i s i t i o n m o d u l e s of 
HELP. 
cumbersome hardware, or inability of computer systems to function and 
behave in the same way that physicians do. 
A Hospital Information System that is currently in use with success 
and has expert syste  ele ents e bedded in it is the HELP system (14,1,]. 
The HELP (for ealth livaluation through Logical Erocessing) ospital 
Infor ation Syste  consists of a co prehensive expert syste  for 
acquiring edical data and i ple enting decision logic. The develop ent 
has been ongoing for over 20 years at the niversity of tah and the LDS 
ospital in Salt ake ity, tah. his syste  is presently operational at L S 
ospital hich is a SSO-bed tertiary care hospital serving the needs of the 
I ter tai  est. r jecti es ere tli e  i  t e e el e t f 
P. hey are: (I) the syste  ust be able acco odate an ever-
e a i  e ical ata ase; ( ) t e s ste  as t  r cess e ical ecisi  
logic; (3) the syste  has to be capable of serving both the edical and 
a i istrati e ee s f t e s ital; a  ( ) t e s ste  st r i e 
ff ti  r s r  s s st s t t f ilit t  li i l r s r   t  l r  
t   t r ll  ir   t  s ste . 
 t  r t ri ti  r : I  t  i i  l i  i  l r it  
t l  i t ti   l  t i   i l rt    
i  l ;  t  i   t  i i  it i  i  t  i ; ( ) 
    i  t t   i t  f     
     t it   t  isiti  l   
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B a c k g r o u n d - C o m p u t e r M e d i c a l S y s t e m s 
for N e w b o r n I n t e n s i v e Care Un i t 
S o m e of f e w c o m p u t e r s y s t e m s f o u n d in t h e l i t e r a t u r e t h a t w e r e 
d e v e l o p e d for t h e N e w b o r n I n t e n s i v e Ca re U n i t a r e d e s c r i b e d b e l o w . 
T h e s y s t e m t h a t w a s d e v e l o p e d a t t h e P e r i n a t o l o g y C e n t e r of N e w -
York H o s p i t a l - Corne l l U n i v e r s i t y [231, r e s p o n d s t o t w o m a j o r p r o b l e m s t h a t 
a r e o f t e n s e e n in N e w b o r n I n t e n s i v e C a r e Un i t s : (i) t h e d i f f i cu l ty of 
a c c e s s i n g t h e a v a l a n c h e of i n f o r m a t i o n g e n e r a t e d b y e a c h p a t i e n t in t h e 
N e o n a t a l Uni t ; (ii) t h e n e e d fo r l o n g t e r m s t o r a g e of d a t a p e r m i t t i n g a n e a s y 
r e t r i e v a l i n f u t u r e . 
V a n d e r Le i e t al . [ 24 ] d e s c r i b e d a n e x p e r i e n c e a t t h e F r e e U n i v e r s i t y 
H o s p i t a l , A m s t e r d a m , t h e N e t h e r l a n d s , of u s i n g f o u r t h - g e n e r a t i o n s o f t w a r e 
t o d e v e l o p , i n a s h o r t t i m e , d e p a r t m e n t a l i n f o r m a t i o n s y s t e m for t h e 
N e o n a t a l I n t e n s i v e C a r e Uni t . T h i s s y s t e m is c a p a b l e of g i v i n g a n o u t p u t of 
c a s e s u m m a r i e s t h a t a r e u s e d fo r f o l l o w - u p s t u d i e s , l i s t of d i a g n o s e s 
a c c o r d i n g t o t h e H-ICDA c las s i f i ca t ion , s u m m a r i e s of f o l l o w - u p s t u d i e s , a n d 
s c h e d u l i n g of f o l l o w - u p s t u d i e s . 
J a n i k e t al . [ 2 5 , 2 6 ] r e p o r t e d a n IBM 3 7 0 - b a s e d s y s t e m for r e c o r d i n g , 
r e p o r t i n g a n d r e s e a r c h i n g d a t a o n i n f a n t s a d m i t t e d t o n e w b o r n i n t e n s i v e 
c a r e u n i t s . T h e y c o n c l u d e d [27] t h a t a u t o m a t i c c o m p u t e r p r o d u c t i o n of 
a d m i s s i o n / d i s c h a r g e d o c u m e n t s a n d of l e t t e r s t o p h y s i c i a n s a n d a g e n c i e s 
a c c o u n t e d for : (i) 80% r e d u c t i o n i n a d m i s s i o n / d i s c h a r g e p a p e r w o r k ; (ii) 1 2 -
fold i n c r e a s e in c o m p l e t e n e s s of m e d i c a l d a t a ; (iii) 96% r e d u c t i o n in t i m e 
f r o m p a t i e n t d i s c h a r g e t o r e c e i p t of p a t i e n t c a r e i n f o r m a t i o n w i t h i n t h e 
m e d i c a l c o m m u n i t y . T h i s s o f t w a r e is c u r r e n t l y i n u s e a t t h e I n t e r m o u n t a i n 
N e w b o r n I n t e n s i v e C a r e C e n t e r of t h e P r i m a r y C h i l d r e n ' s M e d i c a l C e n t e r 
a n d t h e U n i v e r s i t y of U t a h H o s p i t a l i n Sa l t L a k e City, U t a h . T h e s o f t w a r e 
Background - Computer Medical Systems 
for Newborn Intensive Care Unit 
1 
Some of few computer systems found in the literature that were 
developed for the Newborn Intensive Care Unit are described below. 
The system that was developed at the Perinatology Center of New-
York Hospital - Cornell University [231. responds to two major problems that 
are often seen in Newborn Intensive Care Units: 0) the difficulty of 
accessing the avalanche of information generated by each patient in the 
Neonatal Unit; (1) the need for long term storage of data permitting an easy 
retrieval in future. 
Van der Lei et at. [24J described an experience at the Free University 
Hospital, Amsterdam, the Netherlands, of using fourth-generation software 
to develop, in a short time, departmental information system for the 
Neonatal Intensive Care Unit. This system is capable of giving an output of 
case summaries that are used for follow-up studies, list of diagnoses 
according to the H-ICDA classification, summaries of follow-up studies, and 
scheduling of follow-up studies. 
Janik et a1. [25,26] reported an IBM 370-based system for recording, 
reporting and researching data on infants admitted to newborn intensive 
care units. They concluded [27] that automatic computer production of 
admission/discharge documents and of letters to physicians and agencies 
accounted for: 0) 80% reduction in admission/discharge paperwork; Oi) 12-
fold increase in co pleteness of edical data; (iii) 96  reduction in ti e 
fro  patient discharge to receipt of patient care infor ation ithin the 
edical co unity. This soft are is currently in use at the Inter ountain 
e born Intensive are enter of the Pri ary hildren's edical enter 
and the niversity of tah ospital in Salt Lake ity, tah. The soft are 
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c u r r e n t l y r u n s o n t h e D E C - c o m p a t i b l e h a r d w a r e a n d is c o m m e r c i a l i z e d 
u n d e r t h e n a m e CETUS-100 . 
A c o m p r e h e n s i v e c o m p u t e r - a s s i s t e d d i a g n o s t i c s y s t e m of a c q u i r e d 
a n d c o n g e n i t a l d i s e a s e s h a s b e e n d e v e l o p e d b y B a r n e s s e t al . [ 28 , 2 9 ] . W i t h 
i n f o r m a t i o n a v a i l a b l e a t t h e t i m e of t h e i n i t i a l h i s t o r y a n d p h y s i c a l 
e x a m i n a t i o n s u c h as a b n o r m a l s y m p t o m s , p h y s i c a l f i n d i n g s , a n d l a b o r a t o r y 
r e s u l t s , t h i s s y s t e m c a n p r o v i d e a l i s t of d i a g n o s e s t h a t w i l l i n c l u d e t h e 
c o r r e c t o n e in a h i g h p e r c e n t a g e of c a s e s . 
A r e c e n t p r o t o t y p e s y s t e m for p e r i n a t a l k n o w l e d g e e n g i n e e r i n g u s i n g 
a n a r t i f i c i a l i n t e l l i g e n c e too l w a s r e p o r t e d b y Soko l e t al . [30] . T h i s s y s t e m 
m a i n l y u s e s a r t i f i c i a l i n t e l l i g e n c e t e c h n i q u e s t o d e v e l o p a c o m p u t e r b a s e d 
" P e r i n a t a l C o n s u l t a n t . " 
S o m e o t h e r p u b l i c a t i o n s o n l i m i t e d a p p l i c a t i o n s of c o m p u t e r s i n t h e 
N e w b o r n I n t e n s i v e C a r e U n i t w e r e a l s o r e p o r t e d . W a l k e r [31] d e v e l o p e d a 
c o m p u t e r i z e d r e c o r d fo r t h e N e o n a t a l un i t ; P e r l s t e i n e t al . [ 32 ] d e v e l o p e d a 
c o m p u t e r p r o g r a m for o n - l i n e a c c e s s t o p h y s i o l o g i c a n d e n v i r o n m e n t a l d a t a 
a n d for c o n t r o l of h e a t i n g t h e i n f an t ; F i n n e r e t al . [331 d e s c r i b e d t h e 
d e v e l o p m e n t of a c o m p u t e r i z e d d a t a b a s e a n d a p r o g r a m t o d e v e l o p 
a u t o m a t e d n e o n a t a l d i s c h a r g e s u m m a r i e s u s i n g a p e r s o n a l c o m p u t e r a n d 
p r o p r i e t a r y s o f t w a r e ; L i n d s t r o m e t al . [34] d o c u m e n t e d t h e g e n e r a l u s e of 
c o m p u t e r s i n a N e w b o r n I n t e n s i v e Ca re Uni t . 
I t w a s f o u n d t h a t o n l y t h e p r o g r a m d e s c r i b e d b y B a r n e s s e t al . [28] 
a n d S w e n d e r e t al. [ 29 ] is a b l e t o p r o d u c e a d i f f e r e n t i a l d i a g n o s i s in t h e 
d o m a i n of c o n g e n i t a l p e d i a t r i c d i s e a s e s . T h e r e w a s n o r e p o r t of a 
c o m p r e h e n s i v e a n d i n t e g r a t e d c o m p u t e r i z e d n e o n a t a l s y s t e m t h a t is a b l e t o 
m a k e a d i f f e r e n t i a l d i a g n o s i s o r t o a u t o m a t i c a l l y p r o d u c e a p r o b l e m l is t . 
currently runs on the DEC-compatible hardware and is commercialized 
under the name CETUS-I 00. 
A comprehensive computer-assisted diagnostic system of acquired 
and congenital diseases has been developed by Barness et al. [28 , 291 . ith 
information available at the time of the initial history and physical 
examination such as abnormal symptoms, physical findings, and laboratory 
results. this system can provide a list of diagnoses that will include the 
correct one in a high percentage of cases. 
A recent prototype system for perinatal knowledge engineering using 
an artificial intelligence tool was reported by Sokol et aL [3D), This system 
mainly uses artificial intelligence techniques to develop a computer based 
"Perinatal Consultant." 
So e other publications on li ited applications of co puters in the 
Newborn Intensive Care Unit were also reported. alker [311 developed a 
computerized record for the Neonatal unit; Perlstein et aL [32] developed a 
co puter progra  for on-line access to physiologic and environ ental data 
and for control of heating the infant; Finner et aL [33] described the 
develop ent of a co puterized data base and a progra  to develop 
auto ated neonatal discharge su aries using a personal co puter and 
proprietary soft are; Lindstro  et aL [34] docu ented the general use of 
co puters in a e born Intensive are nit. 
It as found that only the progra  described by Barness et aL [281 
and S ender et al. (29) is able to produce a differential diagnosis in the 
do ain of congenital pediatric diseases. There as no report of a 
co prehensive and integrated co puterized neonatal syste  that is able to 
ake a differential diagnosis or to auto atically produce a proble  list. 
"f' 
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A c c e p t a n c e of C o m p u t e r S y s t e m s 
S o m e of t h e c o m p u t e r s y s t e m s for m e d i c a l u s e , s u c h as t h e HELP 
s y s t e m a r e u s e d in r e a l c l in ica l s e t t i n g s , b u t m o s t of t h e m a r e n o t u s e d a n d 
e n d e d j u s t a s r e s e a r c h p r o d u c t o r a t e a c h i n g too l [351. F r i e d m a n e t al . [36] 
m a d e a s u r v e y of 3 2 c l in ica l a p p l i c a t i o n s of c o m p u t e r s a n d f o u n d t h a t 5 1 % 
of p r o j e c t s h a d b e e n a b a n d o n e d o r s u s p e n d e d . T h e y r e p o r t e d t h a t o n l y 19% 
of t h e s y s t e m s a r e i n r o u t i n e u s e in t h e h o s p i t a l s u r v e y e d . 
P h y s i c i a n s l i k e c o m p u t e r s y s t e m s t h a t w i l l e n h a n c e t h e i r m a n a g e m e n t 
c a p a b i l i t i e s . T h e y l i k e s y s t e m s w h e r e a c c e s s t o d a t a w i l l b e f a s t a n d 
c o n v e n i e n t , s y s t e m s t h a t w a r n t h e m of p r o b l e m s o r p o t e n t i a l p r o b l e m s , a n d 
s y s t e m s t h a t a id in d i a g n o s i s . T h e y r e j e c t s y s t e m s t h a t t h e y d o n o t 
u n d e r s t a n d a s j e o p a r d i z i n g t h e i r r o l e a n d t h e i r s t a t u s i n f r o n t of t h e i r 
p a t i e n t s . Also , p h y s i c i a n s d o n o t l i k e s y s t e m s t h a t a r e i n c o n v e n i e n t t o u s e o r 
i n c r e a s e h o s p i t a l o r g o v e r n m e n t c o n t r o l o v e r t h e m . 
S u r v e y s o n t h e a t t i t u d e of p h y s i c i a n s t o w a r d s c o m p u t e r s w e r e 
c o n d u c t e d b y s e v e r a l r e s e a r c h e r s . S i n g e r e t al . [37] c o n c l u d e d t h a t m o r e 
t h a n o n e t h i r d of t h e p h y s i c i a n s w h o p a r t i c i p a t e d i n a s u r v e y w e r e n o t 
s a t i s f i e d w i t h t h e i r a b i l i t y t o k e e p u p w i t h n e w d e v e l o p m e n t a n d l e s s t h a n 
10% w e r e s a t i s f i e d . N i n e t y p e r c e n t t h o u g h t t h a t a c o m p u t e r d a t a b a s e w o u l d 
i m p r o v e t h e i r a c c e s s t o i n f o r m a t i o n in t h e l i t e r a t u r e , a n d 8 5 % t h o u g h t i t 
w o u l d i m p r o v e t h e i r p r a c t i c e of m e d i c i n e . M o s t p h y s i c i a n s i n d i c a t e d a 
s i g n i f i c a n t l y g r e a t e r p r e f e r e n c e for l i t e r a t u r e s u m m a r y a n d p a t i e n t r e g i s t r y 
f e a t u r e s o v e r p r o b a b i l i t y e s t i m a t i o n c a p a b i l i t i e s of a c o m p u t e r d a t a b a s e . 
F r i e d m a n a n d G u s t a f s o n [36] r e p o r t e d t h a t t h e r e a s o n t h a t m o s t of t h e 
s y s t e m s a r e n o t i n r o u t i n e u s e is d u e m a i n l y t o i n c o n v e n i e n c e for p h y s i c i a n s 
i n u s i n g s u c h s y s t e m s a n d t o t h e f a c t t h a t t h e s y s t e m s d o n o t m e e t t h e i r 
n e e d s . P h y s i c i a n s t o d a y a r e r e l u c t a n t t o a c c e p t c o m p u t e r s as d i a g n o s t i c -
Acceptance of Computer Systems 
Some of the computer systems for medical use, such as the HELP 
system are used in real clinical settings, but most of them are not used and 
ended just as research product or a teaching tool [35]. Friedman et al. [36] 
made a survey of 32 clinical applications of computers and found that 51% 
of projects had been abandoned or suspended. They reported that only 19% 
of the systems are in routine use in the hospital surveyed. 
Physicians like computer systems that will enhance their management 
capabilities. They like systems where access to data will be fast and 
convenient, systems that warn them of problems or potential problems, and 
systems that aid in diagnosis. They reject systems that they do not 
understand as jeopardizing their role and their status in front of their 
patients. Also, physicians do not like systems that are inconvenient to use or 
increase hospital or government control over them. 
Surveys on the attitude of physicians towards computers were 
conducted by several researchers. Singer et al. [37] concluded that more 
than one third of the physicians who participated in a survey were not 
satisfied with their ability to keep up with new development and less than 
10% were satisfied. Ninety percent thought that a computer data base would 
improve their access to information in the literature, and 85% thought it 
would improve their practice of medicine. Most physicians indicated a 
significantly greater preference for literature summary and patient registry 
features over probability estimation capabilities of a computer data base. 
Friedman and Gustafson [36] reported that the reason that most of the 
systems are not in routine use is due mainly to inconvenience for physicians 
in using such systems and to the fact that the systems do not meet their 
needs. Physicians today are reluctant to accept computers as diagnostic-
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s u p p o r t o r h i s t o r y - t a k i n g too l s b e c a u s e it is p e r c e i v e d a s a t h r e a t t o t h e 
p h y s i c i a n s s t a t u s a n d r e l a t i o n s h i p t o p a t i e n t s . I n a s u r v e y c o n d u c t e d b y 
A n d e r s o n e t al . [38] i t w a s c o n c l u d e d t h a t p h y s i c i a n s r e c o g n i z e t h e p o t e n t i a l 
of c o m p u t e r s t o i m p r o v e p a t i e n t c a r e , b u t a r e c o n c e r n e d a b o u t t h e 
p o s s i b i l i t y of i n c r e a s e d g o v e r n m e n t a l o r h o s p i t a l c o n t r o l , t h r e a t s t o p r i v a c y , 
l ega l a n d e t h i c a l p r o b l e m s . All p a r t i c i p a n t s of t h e s u r v e y w e r e u n c e r t a i n a s 
t o t h e p o t e n t i a l e f f ec t s of c o m p u t e r s o n t h e i r t r a d i t i o n a l p r o f e s s i o n a l r o l e a s 
p h y s i c i a n s a n d o n t h e o r g a n i z a t i o n of p r a c t i c e . I t m i g h t b e t h a t t h i s a t t i t u d e 
of s t u d e n t s a n d p h y s i c i a n s p l a y s a m a j o r r o l e fo r t h e s l o w i n t r o d u c t i o n of 
c l in ica l c o m p u t e r s y s t e m s . T e a c h a n d Shor t l i f f e [39] s t u d i e d p h y s i c i a n 
a t t i t u d e t o w a r d c o m p u t e r - b a s e d c l in ica l d e c i s i o n a i d s a n d t h e e f fec t of a t w o 
d a y t u t o r i a l o n m e d i c a l c o m p u t i n g . T h e r e s u l t s i n d i c a t e t h a t p h y s i c i a n 
a c c e p t a p p l i c a t i o n s t h a t e n h a n c e t h e i r p a t i e n t m a n a g e m e n t c a p a b i l i t i e s , b u t 
t e n d t o o p p o s e a p p l i c a t i o n s t h a t i n f r i n g e u p o n t h e i r m a n a g e m e n t r o l e . 
G e n e r a l e x p e c t a t i o n a b o u t t h e e f fec t of c o m p u t i n g o n c u r r e n t m e d i c a l 
p r a c t i c e s is f o u n d t o b e g e n e r a l l y f a v o r a b l e . 
P h y s i c i a n s , a s w e l l a s m a n y o t h e r p r o f e s s i o n a l s , w a n t i n c o r p o r a t i o n of 
c o m p u t e r s i n t h e i r m e d i c a l p r a c t i c e . M a n y p r a c t i t i o n e r s c a n n o t s p e c i f y i n 
g r e a t d e t a i l s t h e i r n e e d s a n d e x p e c t a t i o n s . T h e o n e s w h o a r e a b l e t o d o so 
a r e l e s s c o n c e r n e d w i t h d e c i s i o n s u p p o r t t h a n w i t h a c q u i s i t i o n of 
l a b o r a t o r y d a t a a n d e l e c t r o n i c d a t a s t o r a g e fo r f u t u r e r e f e r e n c e a n d r e p o r t 
g e n e r a t i o n . T h e f ac t t h a t m o r e a n d m o r e p h y s i c i a n s , m a i n l y i n t h e y o u n g e r 
g e n e r a t i o n , a r e b e c o m i n g c o m p u t e r - l i t e r a t e w i l l f a c i l i t a t e t h e 
i m p l e m e n t a t i o n of c o m p u t e r s y s t e m s in m e d i c a l p r a c t i c e i n t h e f u t u r e . 
H a r d w a r e i s s u e s d o n o t p r e s e n t l y i m p o s e a n y o b s t a c l e t o c o m p u t e r s u s e in 
m e d i c a l p r a c t i c e . S o f t w a r e t oo l s a r e a l s o a v a i l a b l e t o f a c i l i t a t e 
c o m m u n i c a t i o n s w i t h c o m p u t e r s y s t e m s . T h e m a i n i s s u e of t h e f ie ld of 
1
support or history-taking tools because it is perceived as a threat to the 
physician's status and relationship to patients. In a survey conducted by 
Anderson et al. 138] it was concluded that physicians recognize the potential 
of computers to improve patient care, but are concerned about the 
possibility of increased govern ental or hospital control, threats to privacy, 
legal and ethical proble s. All participants of the survey ere uncertain as 
to the potential effects of co puters on their traditional professional role as 
physiCians and on the organization of practice. It ight be that this attitude 
of students and physicians plays a ajor role for the slo  introduction of 
clinical co puter syste s. each and Shortliffe [39] studied physician 
attitude to ard co puter-based clinical decision aids and the effect of a t o 
day tutorial on edical co puting. he results indicate that physician 
accept applications that enhance their patient anage ent capabilities, b t 
tend to oppose applications that infringe upon their anage ent role. 
e eral e ectati  a t t e effect f c ti   c rre t e ical 
r ti  is f  t   r ll  fav r l . 
si i s, s ll s  t r r f ssi ls, t i r r ti  f 
t r  i  t i  i l ti .  titi  t i  i  
t t il  t i    t ti .     l  t    
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r t .  t t r   r  i  i l    
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m e d i c a l c o m p u t i n g , a t p r e s e n t , is t a i l o r i n g t h e p u r p o s e a n d b e h a v i o r of 
s y s t e m s t o t h e p h y s i c i a n ' s n e e d s . 
A t t r i b u t e s N e c e s s a r y for a S u c c e s s f u l E x p e r t S y s t e m 
I n o r d e r t o c r e a t e a d e c i s i o n s u p p o r t s y s t e m t h a t w i l l m e e t m o s t of t h e 
n e e d s of t h e h e a l t h c a r e p r o v i d e r s , c o m p r e h e n s i v e e x p e r t s y s t e m s a r e 
n e c e s s a r y . T h e s e s y s t e m s s h o u l d s u p p o r t h i g h e r l e v e l s of a p p l i c a t i o n s u c h a s 
d i a g n o s i s a n d p r o t o c o l s . E x p e r t s y s t e m s s h o u l d b e d e v e l o p e d i n a b r o a d 
f ie ld , a s o p p o s e d t o a n a r r o w f ie ld , i n o r d e r t o b e s u f f i c i e n t l y u s e f u l t o g a i n 
p h y s i c i a n a c c e p t a n c e . E x p e r t s y s t e m s s h o u l d n o t b e r e g a r d e d a s s t a n d a l o n e 
s y s t e m s t h a t d e a l w i t h a spec i f i c p r o b l e m . I t s h o u l d b e r e a l i z e d t h a t a s m a l l 
p r o g r a m t h a t c a l c u l a t e s t h e i n g r e d i e n t s of t o t a l p a r e n t e r a l n u t r i t i o n , o r a 
p r o g r a m t h a t is d e s i g n e d o n l y fo r i n t e r p r e t a t i o n of ECG or s o m e o t h e r 
c o n t e x t t h a t s e r v e s a v e r y n a r r o w o r a l i m i t e d n e e d , w i l l n o t a t t r a c t t h e 
p r a c t i t i o n e r s . A n a u t o m a t e d d r u g d o s a g e c a l c u l a t i o n p r o g r a m a p p e a r s t o b e 
r e a d i l y a c c e p t e d , b u t i t is a s t a n d a l o n e s y s t e m t h a t f o c u s e s o n a v e r y 
l i m i t e d n e e d . T h e n e e d s t o d a y a r e for i n t e g r a t i n g d a t a f r o m all s o u r c e s , fo r 
f o r m u l a t i n g p r o b l e m s a n d for d e c i s i o n a s s i s t a n c e . T o d a y in t h e e v e of t h e 
2 1 s t c e n t u r y t h e r e is n o s h o r t a g e of s p e c i a l i s t s n o r s u b s p e c i a l i s t s i n a l l f i e l d s 
of m e d i c i n e i n t h e U n i t e d S t a t e s . A s m a l l p r o g r a m t h a t is d e s i g n e d t o d o a 
s i m p l e t a s k w i l l n o t h e l p a n d w i l l n o t a t t r a c t t h e p r a c t i c i n g s p e c i a l i s t . On ly a 
c o m p r e h e n s i v e e x p e r t s y s t e m t h a t is d e s i g n e d t o a s s i s t t h e p h y s i c i a n in t h e 
d e c i s i o n m a k i n g p r o c e s s , a s y s t e m t h a t a l l o w s a u t o m a t i o n of s u c h t a s k s a s 
d a t a c o l l e c t i o n a n d r e p o r t i n g , a n d a s y s t e m w h o s e d e c i s i o n s u p p o r t s e r v e s t o 
a l e r t a n d r e m i n d , h a s a c h a n c e of b e i n g a c c e p t e d a n d u s e d r o u t i n e l y b y 
p h y s i c i a n s a n d o t h e r h e a l t h c a r e p r o v i d e r s . 
 
medical computing. at present, is tailoring the purpose and behavior of 
systems to the physician's needs. 
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T h e e x p e r t s y s t e m s h o u l d b e e m b e d d e d i n a h o s p i t a l i n f o r m a t i o n 
s y s t e m t h a t w i l l h e l p co l l ec t a c o m p r e h e n s i v e d a t a b a s e w h i l e m i n i m i z i n g 
p h y s i c i a n d a t a i n p u t . A n e x a m p l e of a n a r e a i n m e d i c i n e w h e r e m o s t 
c o m p u t e r i z a t i o n e f f o r t s h a v e b e e n i n v e s t e d is c e r t a i n l y t h e i n t e n s i v e c a r e 
u n i t . T h e i n t e n s i v e c a r e u n i t h a s a n i n c r e a s i n g n u m b e r of s o p h i s t i c a t e d 
m a c h i n e s s u c h a s m o n i t o r s , r e s p i r a t o r s , e t c . t h a t a r e r e a d i l y i n t e r f a c e d t o 
c o m p u t e r s w h i c h c a n p o s t a l e r t s w h e n e v e r o n e of t h e m e a s u r e d v a r i a b l e is 
o u t of i t s n o r m a l r a n g e . M o s t of t h e c o m p u t e r s i n i n t e n s i v e c a r e u n i t s 
i n t e r f a c e w i t h t h e m e d i c a l i n s t r u m e n t a t i o n , b u t d o n o t d e a l d i r e c t l y w i t h t h e 
h e a l t h c a r e p r o v i d e r s . C o m p u t e r i z e d i n t e r f a c e s t o m o n i t o r s of fer t h e 
a c q u i s i t i o n of o n l y a l i m i t e d s e t of d a t a . T h i s c o n s e q u e n t l y l e a d s t o l i m i t e d 
d e c i s i o n c a p a b i l i t i e s if a d e c i s i o n a id t oo l is e m b e d d e d i n t o t h e s y s t e m . M o s t 
of t h e s e c o m p u t e r s [ 4 0 , 4 1 ] d e a l w i t h s u b j e c t s s u c h a s h e m o d y n a m i c 
c a l c u l a t i o n s o r c a l c u l a t i o n s of i n f u s i o n r a t e s of p o t e n t i n t r a v e n o u s d r u g s . 
S o m e of t h e s e s y s t e m s a r e d e s i g n e d a s a n e d u c a t i o n a l t oo l t o t h e h e a l t h 
c a r e p r o v i d e r s [42] , o t h e r s a r e u s e d a s a n a i d i n t h e c o m p l e x t a s k of t h e 
m e d i c a l d e c i s i o n m a k i n g [ 4 3 , 4 4 ] . T h e I n t e n s i v e C a r e Un i t is a n e x a m p l e of a 
p l a c e t h a t c a n b e n e f i t f r o m a c o m p r e h e n s i v e e x p e r t s y s t e m . I n o r d e r t o 
d e v e l o p a c o m p u t e r s y s t e m t h a t w i l l m a k e r e a l l y u s e f u l d e c i s i o n s , i t h a s t o 
b e i n t e r f a c e d n o t o n l y t o m o n i t o r s , b u t t o a l l s o u r c e s of d a t a i n c l u d i n g t h e 
l a b o r a t o r y , t h e x - r a y d e p a r t m e n t a n d m a i n l y t o t h e o n e w h o h a s t h e f i n a l 
d e c i s i o n i n m a n a g i n g a n d t r e a t i n g p a t i e n t s - t h e p h y s i c i a n . For a n i n t e g r a t e d 
c o m p u t e r s y s t e m t h a t m u s t a c q u i r e d a t a a n d m a k e d e c i s i o n s i n a n a r e a of 
s p e c i a l t y s u c h a s t h e N e w b o r n I n t e n s i v e C a r e U n i t t o b e e f f e c t i v e , i t h a s t o 
a c q u i r e d a t a t h a t o n l y p h y s i c i a n s a n d n u r s e s c a n p r o v i d e s u c h a s p h y s i c a l 
e x a m i n a t i o n d a t a i n c o n j u n c t i o n w i t h o t h e r d a t a s u c h a s t h e l a b o r a t o r y , x -
r a y s , a n d m o n i t o r i n g d a t a . 
The expert system should be embedded in a hospital information 
syste  that will help collect a co prehensive data base while ini izing 
physician data input. n exa ple of an area in edicine here ost 
co puterization efforts have been invested is certainly the intensive care 
unit. The intensive care unit has an increasing nu ber of sophisticated 
achines such as onitors, respirators, etc. that are readily interfaced to 
co puters hich can post alerts hen ever C?ne of the easured variable is 
out of its nor al range. ost of the co puters in intensive care units 
interface ith the edical instru entation, but do not deal directly ith the 
ealt  care r i ers. terize  i terfaces t  it rs ffer the 
ac isiti  f l  a li ite  set f ata. is c se e tl  lea s t  li ite  
ecisi  ca a ilities if a ecisi  ai  t l is e e e  i t  t e s ste . st 
f t ese c ters 1 , ] eal it  s jects s c  as he a ic 
l l ti s r l l ti s f i f si  r t s f t t i tr s r s. 
 f t s  s st s r  si  s  ti l t l t  t  h lt  
r  r i r  1 ], t r  r     i  i  t  l  t  f th  
i l i i  i  1 , ].  I t i  r  it i   l  f  
l  t t  fit fr   r i  rt t . I  r r to 
l   t r t  t t ill  r ll  f l i i , it  t  
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S u c h a s y s t e m s h o u l d b e f r i e n d l y , n o t o n l y i n t h e w a y t h a t t h e 
c o m m u n i c a t i o n w i t h u s e r s is b e i n g h a n d l e d , b u t a l s o i n t h e w a y t h a t t h e 
m e d i c a l a d v i c e is b e i n g g i v e n . P h y s i c i a n s m i g h t b e o f f e n d e d b y s y s t e m s t h a t 
c o n s t a n t l y c r i t i q u e t h e i r t h i n k i n g p r o c e s s o r s y s t e m s t h a t a r e u s e d t o c o n t r o l 
t h e i r p e r f o r m a n c e . C o m p u t e r s y s t e m s s h o u l d n o t b e s t a n d a l o n e s y s t e m s i n 
g i v i n g t h e i r m e d i c a l a d v i c e . S y s t e m s s h o u l d e l a b o r a t e t h e d i a g n o s i s a n d 
m a n a g e m e n t w i t h p h y s i c i a n s a n d h e l p t h e m i n t h o s e m a t t e r s w h e r e t h e i r 
l i m i t a t i o n s a s h u m a n b e i n g s ex i s t . If p o s s i b l e , t h e r e a s o n i n g p r o c e s s of a n 
e x p e r t s y s t e m s h o u l d b e a s c lose a s p o s s i b l e t o t h e r e a s o n i n g p r o c e s s of t h e 
p h y s i c i a n h u m a n b e i n g t o f a c i l i t a t e h i s o r h e r u n d e r s t a n d i n g of i t s o p e r a t i o n . 
I n t h i s w a y h e o r s h e w i l l f e e l c o n f i d e n t w i t h t h e s y s t e m a n d h i s o r h e r r o l e 
a s t h e p h y s i c i a n w i l l n o t b e j e o p a r d i z e d . T h i s w i l l a t t r a c t p r a c t i t i o n e r s i n t o 
u s i n g c o m p u t e r s y s t e m s m o r e a n d m o r e i n t h e i r p r a c t i c e a n d w i l l f a c i l i t a t e 
t h e i m p l e m e n t a t i o n of s u c h s y s t e m s i n r e a l c l in i ca l s e t t i n g s . 
O b j e c t i v e s of t h e P r e s e n t D i s s e r t a t i o n W o r k 
T h e g o a l of t h e p r e s e n t w o r k w a s t o d e v e l o p a c o m p r e h e n s i v e e x p e r t 
s y s t e m fo r t h e n e w b o r n i n t e n s i v e c a r e u n i t of t h e P r i m a r y C h i l d r e n ' s 
M e d i c a l C e n t e r in Sa l t L a k e City, U t a h . T h e s y s t e m , c a l l e d NEONATE, w a s t o 
b e d e v e l o p e d a s p a r t of t h e HELP s y s t e m . NEONATE h a s t h e f u r t h e r 
r e q u i r e m e n t of r e p l a c i n g t h e CETUS s y s t e m [27] t h a t is c u r r e n t l y u s e d b y 
t h e p h y s i c i a n s in t h e N e w b o r n I n t e n s i v e C a r e U n i t of t h e P r i m a r y C h i l d r e n ' s 
M e d i c a l C e n t e r t o p r o d u c e t h e i r a d m i s s i o n r e p o r t . As t h e m e d i c a l c e n t e r w i l l 
a d o p t t h e HELP s y s t e m [14 ,151 i n t h e f u t u r e , i t w a s n e c e s s a r y t o d e v e l o p a n 
a p p l i c a t i o n fo r t h e n e o n a t a l u n i t t h a t w i l l n o t b e s t a n d a l o n e , b u t w i l l b e 
p a r t of t h e H o s p i t a l I n f o r m a t i o n S y s t e m . C u r r e n t l y t h e N e o n a t a l Un i t l a c k s 
a n y e x p e r t s y s t e m a p p l i c a t i o n s o n t h e HELP s y s t e m . F u r t h e r m o r e , i t w a s 
Such a syste  should be friendly, not only in the ay that the 
co unication ith users is being handled, but also in the ay that the 
edical advice is being given. Physicians ight be offended by syste s that 
constantly critique their thinking process or syste s that are used to control 
their perfor ance. o puter syste s should not be stand alone syste s in 
giving their edical advice. Syste s should elaborate the diagnosis and 
a a e e t it  sicia s a  el  t e  i  t se atters ere t eir 
li itati s as a ei s e ist. If ssi le, t e reas i  r cess f a  
e ert s ste  s l  e as cl se as ssi le t  t e reas i  r cess f the 
physician hu anbeing to facilitate his or her understanding of its operation. 
I  t is a  e r s e ill feel c fi e t it  t e s ste  a  is r er r le 
as t e sicia  ill t e je ar ize . is ill attract ractiti ers int  
si  t r s st s r   r  i  t ir r ti   ill facilitate 
t  i l t ti  f  t  i  r l li i l ttin . 
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p l a n n e d t o a d d d e c i s i o n e l e m e n t s t h a t a r e a b s e n t in t h e c u r r e n t CETUS 
s y s t e m . For t h e p u r p o s e of t h i s d i s s e r t a t i o n a p r o t o t y p e w a s d e v e l o p e d t h a t 
d e a i s o n l y w i t h a s p e c t s of t h e a d m i s s i o n p r o c e s s . T h e k n o w l e d g e b a s e is 
l i m i t e d o n l y t o t h e d i f f e r e n t i a l d i a g n o s i s of t a c h y p n e a , w h i c h is t h e m o s t 
c o m m o n f i n d i n g of t h e n e o n a t e s a d m i t t e d t o t h e i n t e n s i v e c a r e u n i t . 
T h e e v a l u a t i o n of NEONATE w a s l i m i t e d t o t e s t i n g t h e f o l l o w i n g t h r e e 
h y p o t h e s e s : 
a. NEONATE p r o d u c e s a n a d m i s s i o n r e p o r t t h a t is s u p e r i o r t o t h e c u r r e n t 
a d m i s s i o n r e p o r t . 
b . NEONATE h e l p s p h y s i c i a n s w h o a r e n o t t r a i n e d in r a d i o l o g y t o m a k e m o r e 
c o r r e c t d i a g n o s e s u s i n g x - r a y f i l m s . 
c. NEONATE is a p o t e n t i a l l y e f f e c t i v e p r o m p t i n g d e v i c e . 
 
planned to add decision elements that are absent in the current CETUS 
system. For the purpose of this dissertation a prototype was developed that 
deals only with aspects of the admission process. The knowledge base is 
limited only to the differential diagnosis of tachypnea, which is the most 
common finding of the neonates admitted to the intensive care unit. 
The evaluation of NEON ATE was li ited to testing the following three 
hypotheses: 
a. NEONATE produces an admission report that is superior to the current 
admission report. 
b. NEONATE helps physicians who are not trained in radiology to make more 
correct diagnoses using x-ray films. 
c. NEONATE is a potentially effective pro pting device. 
CHAPTER II 
THE DEVELOPMENT OF THE NEONATE SYSTEM 
T h e NEONATE S y s t e m 
T h e NEONATE s y s t e m is b e i n g d e v e l o p e d a t t h e P r i m a r y C h i l d r e n ' s 
M e d i c a l C e n t e r (PCMC) i n Sa l t L a k e City, U t a h . PCMC is a 2 0 0 - b e d t e r t i a r y 
c a r e c h i l d r e n ' s h o s p i t a l in t h e I n t e r m o u n t a i n W e s t r e g i o n . PCMC, as t h e LDS 
H o s p i t a l , is p a r t of t h e I n t e r m o u n t a i n H e a l t h Ca re c o r p o r a t i o n a n d r e c e n t l y 
h a s b e e n e n g a g e d i n a c t i v i t i e s t o d e v e l o p t h e P e d i a t r i c m o d u l e of t h e HELP 
s y s t e m . PCMC p l a n s t o p u r c h a s e s h o r t l y t h e TANDEM c o m p u t e r a n d s t a r t 
i m p l e m e n t i n g e x i s t i n g HELP m o d u l e s i n i t s f ac i l i t i e s . 
T h e NEONATE s y s t e m m a k e s p a r t of t h e HELP s y s t e m a n d it w a s 
d e v e l o p e d fo r t h e N e w b o r n I n t e n s i v e Ca re Uni t . I t w a s d e v e l o p e d a s a 
c o m p r e h e n s i v e d e c i s i o n s u p p o r t s y s t e m t h a t t a k e s a d v a n t a g e of all a s p e c t s 
of t h e H o s p i t a l I n f o r m a t i o n S y s t e m : d a t a a c q u i s i t i o n , d a t a a n a l y s i s a n d d a t a 
r e p o r t i n g . T h i s s y s t e m is d e s i g n e d n o t t o b e a s t a n d a l o n e c o n s u l t a t i o n 
s y s t e m , b u t a s y s t e m t h a t c o v e r s a l l a s p e c t s of c l in ica l a c t i v i t i e s a n d w i l l b e 
u s e d i n t h e f u t u r e b y all m e d i c a l p r o f e s s i o n a l s . T h e s y s t e m s h o u l d e n a b l e 
e a s y a c c e s s t o a n d e f f i c i en t r e t r i e v a l of d a t a b y al l m e d i c a l p r o f e s s i o n a l s . I t 
is a s s u m e d t h a t a c o m p r e h e n s i v e e x p e r t s y s t e m t h a t is d e s i g n e d t o a s s i s t 
p h y s i c i a n s a n d n u r s e s i n t h e d e c i s i o n m a k i n g p r o c e s s , t h a t a l l o w s 
a u t o m a t i z a t i o n of t a s k s s u c h a s d a t a c o l l e c t i o n a n d r e p o r t i n g , a n d w h o s e 
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2 0 
a c c e p t e d a n d u s e d r o u t i n e l y b y t h e m e d i c a l staff. S u c h a s y s t e m s h o u l d 
e v e n t u a l l y p r o d u c e a c h a n g e in t h e b e h a v i o r of t h e h e a l t h c a r e p r o v i d e r s 
t o w a r d s d a t a co l l ec t ion . I t s h o u l d i n c r e a s e t h e n u m b e r of i t e m s c o l l e c t e d , 
h e l p t o f o c u s t h e p h y s i c a l e x a m i n a t i o n , i n c r e a s e a w a r e n e s s of p r o b l e m s 
o t h e r w i s e i g n o r e d , a n d c o n s e q u e n t l y i m p r o v e p a t i e n t c a r e . 
Tools for NEONATE D e v e l o p m e n t 
N e o n a t e is p a r t of t h e HELP s y s t e m a n d a s s u c h i t u s e s t h e too l s t h a t 
a r e a v a i l a b l e i n HELP. 
T h e d a t a b a s e c o n s i s t s of t w o e l e m e n t s : ( D a l o n g t e r m a b s t r a c t of 
d e m o g r a p h i c a n d c l in ica l i n f o r m a t i o n l i k e l y t o b e u s e f u l if t h e p a t i e n t is 
r e a d m i t t e d t o t h e h o s p i t a l ; a n d (2 ) a s h o r t t e r m c o m p r e h e n s i v e co l l e c t i on of 
all d a t a g a t h e r e d d u r i n g t h e c u r r e n t h o s p i t a l a d m i s s i o n . Al l d a t a a r e s t o r e d 
i n c o d e s f o r m ( a s o p p o s e d t o f r e e t e x t ) so t h a t d a t a c a n b e r e t r i e v e d a n d 
a n a l y z e d fo r u s e i n r e s e a r c h a n d d e c i s i o n logic . H i e r a r c h i c c o d e s a r e d e f i n e d 
u s i n g a s y s t e m c a l l e d PTXT ( P o i n t e r t o T e x t ) w h i c h is b a s i c a l l y a c o m p u t e r 
b a s e d d i c t i o n a r y . 
P r o g r a m s t h a t m a n i p u l a t e t h e d a t a b a s e a r e w r i t t e n i n PTXT 
A p p l i c a t i o n L a n g u a g e (PAL) , a s t r u c t u r e d p r o g r a m m i n g l a n g u a g e . N e w t o o l s 
w e r e r e c e n t l y a d d e d t o t h e l a n g u a g e . A m o n g t h e m is a R e p o r t G e n e r a t o r 
w h i c h p e r m i t s p r i n t i n g a n d s e n d i n g r e p o r t s t o a s p e c i f i e d d e s t i n a t i o n w i t h i n 
t h e s y s t e m . A s e c o n d too l is t h e HELP V i d e o C o n t r o l (HVC) w h i c h is t e r m i n a l 
e m u l a t o r s o f t w a r e w i t h t h e c a p a b i l i t y t o p r o g r a m w i n d o w s w i t h i n t h e P A L 
l a n g u a g e . A n e w v e r s i o n of t h e P A L l a n g u a g e h a s b e e n r e c e n t l y r e l e a s e d . 
T h e n e w v e r s i o n of t h e s o f t w a r e p e r m i t s u s i n g m o d u l a r f r a m e s . 
T h e HELP s y s t e m a t LDS h o s p i t a l p r e s e n t l y i n c l u d e s 10 T a n d e m 
C o m p u t e r f a u l t t o l e r a n t p r o c e s s o r s u s i n g 3 .4 g i g a b y t e s of d i s k s t o r a g e 
 
accepted and used routinely by the edical staff. Such a syste  should 
eventually produce a change in the behavior of the health care providers 
to ards data collection. It should increase the nu ber of ite s collected, 
help to focus the physical exa ination, increase awareness of proble s 
other ise ignored, and consequently i prove patient care. 
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d i s t r i b u t e d o v e r 14 d i s k d r i v e s . T h e 8 d r i v e s h a n d l i n g c l in ica l d a t a a r e 
m i r r o r e d t o r e d u c e t h e p o s s i b i l i t y of d a t a c o r r u p t i o n . E i g h t e e n C h a r l e s R i v e r 
Da ta S y s t e m (CRDS) m i n i c o m p u t e r s a r e i n t e r f a c e d t o t h e T a n d e m s e r v i n g a s 
m u l t i p l e x o r s a n d p r e - p r o c e s s o r s [451. 
D e v e l o p m e n t a l R a t i o n a l e 
T h e s y s t e m is d e s i g n e d i n a w a y t h a t w i l l e n c o u r a g e a s u c c e s s f u l 
i m p l e m e n t a t i o n s u c h as : c o m p r e h e n s i v e d a t a b a s e ; u s e r f r i e n d l y i n t e r f a c e ; 
a n d d e c i s i o n s u p p o r t t h a t m i m i c s t h e w a y p h y s i c i a n s r e a s o n . 
T h e p r o t o t y p e of t h e NEONATE S y s t e m h a s f i v e c o m p o n e n t s a s s h o w n 
in F i g u r e 1. 
T h e Use r I n t e r f a c e 
To m a k e s u c h a s y s t e m a d o p t e d a n d u t i l i z ed , t h e i n t e r f a c e for d a t a 
a c q u i s i t i o n s h o u l d b e f r i e n d l y , e a s i l y u s e d a n d a p p e a l i n g t o p h y s i c i a n s . Da ta 
e n t r y s h o u l d b e s t r u c t u r e d i n a w a y t h a t e n c o u r a g e s c o m p l e t e n e s s a n d 
d i s c o u r a g e s o m i s s i o n s f r e q u e n t l y s e e n i n t r a d i t i o n a l m e d i c a l r e c o r d s . 
L a b o r a t o r y d a t a w i l l b e e n t e r e d i n t o t h e p a t i e n t s c o m p u t e r i z e d m e d i c a l 
r e c o r d b y t h e l a b o r a t o r y t e c h n i c i a n s a n d sh i f t d a t a w i l l b e e n t e r e d i n t o t h e 
c o m p u t e r b y t h e n u r s i n g staff. T h e HVC i n t h e P A L p r o g r a m m i n g l a n g u a g e is 
u s e d t o c r e a t e t h e w i n d o w s w h e r e d i r e c t d a t a a c q u i s i t i o n is n e c e s s a r y . T w o 
k i n d of w i n d o w s c a n b e d i s p l a y e d o n s c r e e n : M u l t i p l e c h o i c e w i n d o w s a n d 
Da ta e n t r y w i n d o w s . B o t h of t h e s e t y p e s of w i n d o w s a r e u s e d t o c r e a t e a 
s e r i e s of m e n u s for a d m i s s i o n d a t a e n t r y b y p h y s i c i a n s . T h e m a i n m e n u of 
t h e a d m i s s i o n p r o c e s s c o n t a i n t e n i t e m s : S e v e n of t h e s e i t e m s a r e for d a t a 
e n t r y p e r s e - A n t e p a r t u m d a t a a c q u i s i t i o n , p o s t - p a r t u m d a t a a c q u i s i t i o n , 
f a m i l y h i s t o r y d a t a , o b s t e t r i c a l d a t a , p h y s i c a l e x a m i n a t i o n a n d c h e s t x - r a y 
distributed over 14 disk drives. The 8 drives handling clinical data are 
mirrored to reduce the possibility of data corruption. Eighteen Charles River 
Data System (CRDS ) minicomputers are interfaced to the Tandem serving as 
multiplexors and pre-processors [45]. 
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d a t a a c q u i s i t i o n . One i t e m p e r m i t s t h e u s e r t o p r i n t a r e p o r t b y s i m p l y 
p u s h i n g a b u t t o n . T h e r e is o n l y o n e i t e m fo r e n t e r i n g a p r o b l e m l is t . 
C u r r e n t l y t h e u s e r h a s t h e o p t i o n t o e n t e r p r o b l e m s i n a d d i t i o n t o t h e 
p r o b l e m s t h a t t h e c o m p u t e r is a b l e t o d i a g n o s e b y i t s d e c i s i o n m e c h a n i s m . 
T h e p h y s i c i a n m a y a l s o a l t e r t h e p r o b l e m l i s t a n d c h a n g e a t t r i b u t e s of 
p r o b l e m s ( s e e k n o w l e d g e b a s e s e c t i o n ) . 
T h e p h y s i c i a n is l e d t h r o u g h a s e r i e s of m e n u s t o c o m p l e t e t h e d a t a 
a c q u i s i t i o n p r o c e s s . T h e s t r u c t u r e d m e t h o d of d a t a c o l l e c t i o n p r e v e n t s h i m o r 
h e r f r o m i n a d v e r t e n t l y s k i p p i n g i t e m s i n h i s o r h e r d a t a g a t h e r i n g . 
F u r t h e r m o r e , t h e s y s t e m p r o m p t s t h e c l i n i c i a n fo r t h e i n f o r m a t i o n t h a t is 
v i t a l t o d e c i s i o n m a k i n g a n d t h u s t o p a t i e n t c a r e . T h e p r o c e s s p e r m i t s m o r e 
c o m p l e t e d a t a a c q u i s i t i o n t h a n t h e p e n a n d p a p e r p r o c e s s . S o m e p o s i t i v e 
f i n d i n g s ( s u c h a s H e p a t o m e g a l y ) m i g h t t r i g g e r m o r e q u e s t i o n s a b o u t f i n d i n g s 
o t h e r w i s e i g n o r e d . ( H e p a t o m e g a l y m i g h t t r i g g e r a n o t h e r w i n d o w t h a t 
c o n s i s t s of d e s c r i b i n g a n e n l a r g e d l i v e r . F o u r c h o i c e s a r e o f f e r e d t o t h e u s e r 
s u c h as : H e p a t o m e g a l y , f i r m , t e n d e r ; H e p a t o m e g a l y , f i r m , n o n t e n d e r ; 
H e p a t o m e g a l y , soft, t e n d e r ; H e p a t o m e g a l y , soft , n o n t e n d e r . T h e p h y s i c i a n 
s h o u l d c h o o s e o n l y o n e of t h e s e p o s s i b i l i t i e s ; a n d , if h e o r s h e d o e s n o t k n o w 
t h e c h o i c e h e o r s h e s h o u l d g o b a c k t o t h e p a t i e n t a n d r e - e v a l u a t e t h e 
f i n d i n g . ) 
T h e D a t a B a s e 
T h e d a t a b a s e is t h e c o m p u t e r i z e d m e d i c a l r e c o r d . I t c o n s i s t s of s t r i n g s 
t h a t a r e s t o r e d a s PTXT c o d e s i n t h e s t a n d a r d HELP c l in ica l d a t a b a s e . T h e 
c o d e s c o n s i s t of c l in ica l a n d l a b o r a t o r y f i n d i n g s a s w e l l a s i t e m s i n t h e 
p r o b l e m l is t . PTXT v e r s i o n s of ICD-9 c o d e s a r e u s e d a s t h e c o d e s fo r t h e 
p r o b l e m s t h a t r e s i d e i n t h e p r o b l e m l is t . T h e d a t a d i c t i o n a r y h a s r e c e n t l y 
data acquisition. One item permits the user to print a report by simply 
pushing a button. There is only one item for entering a problem list. 
Currently the user has the option to enter problems in addition to the 
problems that the computer is able to diagnose by its decision mechanism. 
The physician may also alter the problem list and change attributes of 
problems (see knowledge base section). 
The physician is led through a series of menus to complete the data 
acquisition process. The structured method of data collection prevents him or 
her from inadvertently skipping items in his or her data gathering. 
Further ore, the syste  pro pts the clinician for the infor ation that is 
vital to decision aking and thus to patient care. The process per its ore 
co plete data acquisition than the pen and paper process. So e positive 
findings (such as epato egaly) ight trigger ore questions about findings 
other ise ignored. ( epato egaly ight trigger another indo  that 
consists of describing an enlarged liver. Four choices are offered to the user 
such as: epato egaly, fir , tender; epato egaly, fir , nontender; 
epato egaly, soft, tender; epato egaly, soft, nontender. The physician 
should choose only one of these possibilities; and, if he or she does not kno  
t e c ice e r s e s l   ac  t  t e atie t a  re-e al ate the 
finding.) 
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b e e n e x t e n d e d t o i n c l u d e f i n d i n g s for t h e p e d i a t r i c p o p u l a t i o n . Th i s w a s 
n e c e s s a r y t o a v o i d a m b i g u i t i e s i n v o l v e d w i t h t h e u s e of c o d e s d e v e l o p e d for 
a d u l t f i n d i n g s . I t w i l l e n h a n c e t h e v a l u e of t h e d a t a b a s e for f u t u r e r e s e a r c h 
p u r p o s e s . C o d e s a r e s t o r e d w i t h t h e e x a c t t i m e of s t o r a g e . Th i s p e r m i t s 
t r e n d i n g fo r t h e p a t i e n t f i n d i n g s o r l a b o r a t o r y r e s u l t s . I t a l s o p e r m i t s e a s y 
t e m p o r a l a c c e s s t o al l t h e d a t a . 
T h e K n o w l e d g e B a s e 
T h e k n o w l e d g e b a s e s h o u l d h a v e c a p a b i l i t i e s t o m i m i c t h e w a y 
p h y s i c i a n s r e a s o n . E x t e n s i v e r e s e a r c h t o d e t e r m i n e t h e w a y t h i s is d o n e w a s 
c o n d u c t e d b y E l s t e in e t al . [ 4 6 ) . T h e y c o n f i r m e d t h a t d i a g n o s t i c p r o b l e m s a r e 
s o l v e d t h r o u g h a p r o c e s s of h y p o t h e s i s g e n e r a t i o n a n d v e r i f i c a t i o n . 
H y p o t h e s e s a r e c o n s i s t e n t l y g e n e r a t e d e a r l y i n w o r k - u p w h e n v e r y l i m i t e d 
d a t a h a v e b e e n o b t a i n e d . A n e a r l y f o r m u l a t i o n m a y b e r e v i s e d or d i s c a r d e d 
if s u b s e q u e n t d a t a fa i l t o c o n f i r m it . T h e P r e s e n t I l l n e s s P r o g r a m [8] is 
g e n e r a l l y a s s o c i a t e d w i t h t h i s c o g n i t i v e m o d e l a n d m a n y o t h e r s y s t e m s u s e 
i t a s w e l l . T h e d i f f e r e n c e s a m o n g t h e s e s y s t e m s a r e i n t h e m e t h o d s u s e d for 
h y p o t h e s i s v e r i f i c a t i o n o r r e j e c t i o n . S o m e u s e r u l e s of t h u m b , o t h e r s u s e 
s c o r i n g m e t h o d s , a n d o t h e r s u s e s t a t i s t i c a l a p p r o a c h e s . A l t h o u g h t h e cho i ce 
of r u l e s of t h u m b for NEONATE is c o n s i s t e n t w i t h t h e g o a l of m i m i c k i n g t h e 
p h y s i c i a n ' s a p p r o a c h , s o m e a d d i t i o n a l j u s t i f i c a t i o n a n d b a c k g r o u n d is o f f e r e d 
h e r e . As d o c u m e n t e d b y Szo lov i t s a n d P a u k e r [47] t h e P r e s e n t I l l n e s s 
P r o g r a m a n d s o m e of t h e o t h e r f a m o u s e x p e r t s y s t e m s s o m e t i m e fai l t o 
r e a c h t h e c o r r e c t d i a g n o s i s w h i l e u s i n g s c o r e s o r p r o b a b i l i t i e s . I n s o m e 
i n s t a n c e s , in t h e c a s e of t h e P r e s e n t I l l n e s s P r o g r a m , s m a l l v a r i a t i o n i n a 
b o r d e r l i n e c l in ica l c a s e c a n p u s h a s c o r e j u s t a b o v e o r b e l o w a t h r e s h o l d a n d 
c a n a f fec t t h e p r o g r a m s c o n c l u s i o n s i g n i f i c a n t l y . W h i l e d e v e l o p i n g t h e 
been extended to include findings for the pediatric population. This was 
necessary to avoid ambiguities involved with the use of codes developed for 
adult findings. It will enhance the value of the data base for future research 
purposes. Codes are stored with the exact ti e of storage. This per its 
trending for the patient findings or laboratory results. It also per its easy 
te poral access to all the data. 
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s y s t e m , t h e r e l u c t a n c e of t h e N e o n a t a l s taff t o a d d s c o r e s t o t h e d e c i s i o n logic 
w a s o b v i o u s . W h e n t h e c l i n i c i a n s w e r e a s k e d t o e s t a b l i s h s e n s i t i v i t i e s a n d 
spec i f i c i t i e s for t h e f i n d i n g s t h e y d e c l i n e d - d o u b t i n g t h a t t h e i r c o l l e a g u e s 
w o u l d a g r e e w i t h t h e i r e s t i m a t e s . T h e r a t i o n a l e of W e e d [48 , 4 9 ] i n 
d e v e l o p i n g t h e P r o b l e m - K n o w l e d g e C o u p l e r s w a s t o o v e r c o m e t h e n e e d of 
u s i n g p r o b a b i l i t i e s . A c c o r d i n g t o h i m p r o b a b i l i t i e s c o u l d b e a p p l i e d 
a f t e r w a r d u s i n g k n o w l e d g e - c o u p l e r s if u n c e r t a i n t y s t i l l r e m a i n e d , b u t m o s t 
of t h e t i m e i t w o u l d n o t b e n e c e s s a r y . A l t h o u g h p r a c t i c a l l y all e x p e r t 
s y s t e m s h a v e s o m e p r o b a b i l i s t i c m e c h a n i s m e m b e d d e d i n t h e m , i t w a s 
d e s i r a b l e i n t h e p r e s e n t d e v e l o p m e n t t o p u t t h e p r o b a b i l i s t i c m e c h a n i s m of 
NEONATE i n a t e x t u a l f o r m ("poss ib le , " " s u s p e c t e d , " e tc . , s e e b e l o w ) , t h a t w a s 
f a m i l i a r t o t h e m e d i c a l staff. T h e r e a s o n i n g logic of t h e NEONATE s y s t e m 
s e e k s t o a v o i d m a t h e m a t i c a l c o m p u t a t i o n , a n d c o m e a s c lose a s p o s s i b l e t o 
t h e p h y s i c i a n s w a y of t h i n k i n g . 
T h e r u l e b a s e d a p p r o a c h t o t h e c o g n i t i v e m o d e l u s e d b y NEONATE 
u s e s a t l e a s t t w o t y p e s of r u l e s e m p h a s i z e d i n o t h e r e x p e r t s y s t e m s . S o m e 
r u l e s a r e b a s e d o n u n d e r s t a n d i n g of c a u s e a n d e f fec t . C a u s a l n e t w o r k s [7,9] 
h a v e b e e n u s e d in t h e f i e l d s of m e d i c i n e w h e r e t h e p a t h o p h y s i o l o g y is w e l l -
k n o w n . I n o t h e r c a s e s t h e u n d e r l i n i n g p h y s i o l o g y is n o t w e l l - u n d e r s t o o d a n d 
t h e p r a c t i c i n g p h y s i c i a n s u s e P a t t e r n M a t c h i n g m e t h o d s [8] t o r e a c h a 
d i a g n o s i s . T h a t is w h y a m e c h a n i s m t h a t c a n b e d e s c r i b e d a s a c o m b i n a t i o n 
of a r u l e - b a s e d a n d a p a t t e r n m a t c h i n g m e c h a n i s m t o v e r i f y o r e l i m i n a t e t h e 
h y p o t h e s e s w a s a d o p t e d . 
W h i l e i n s o m e e x p e r t s y s t e m s , s u c h a s MYCIN [5 ,6] , t h e i n f e r e n c e 
e n g i n e is d o m a i n i n d e p e n d e n t a n d s e p a r a t e d t o t a l l y f r o m t h e k n o w l e d g e 
b a s e , NEONATE e m b e d s t h e i n f e r e n c e e n g i n e i n i t s k n o w l e d g e b a s e . T h e 
k n o w l e d g e b a s e / i n f e r e n c e e n g i n e of NEONATE is c o n s i d e r e d a s o n e u n i t . T h e 
S
system, the reluctance of the Neonatal staff to add scores to the decision logic 
was obvious. When the clinicians were asked to establish sensitivities and 
specificities for the findings they declined - doubting that their colleagues 
would agree with their estimates. The rationale of eed [48, 49] in 
developing the Problem-Knowledge Couplers was to overcome the need of 
using probabilities. According to him probabilities could be applied 
afterward using knowledge-couplers if uncertainty still remained, but most 
of the ti e it would not be necessary. Although practically all expert 
syste s have so e probabilistic echanis  e bedded in the , it was 
desirable in the present develop ent to put the probabilistic echanis  of 
NEONATE in a textual for  ("possible," "suspected," etc., see below), that was 
fa iliar to the edical staff. The reasoning logic of the NEONATE syste  
seeks to avoid athe atical co putation, and co e as close as possible to 
the physician's ay of thinking. 
he rule based approach to the cognitive odel used by E TE 
uses at least t o types of rules e phasized in other expert syste s. o e 
rules are based on understanding of cause and effect. ausal net orks [7,9] 
have been used in the fields of edicine here the pathophysiology is ell-
. I  t er cases t e erli i  si l  is t ell- erst  a  
t  r ti i  si i s s  tt r  t i  t s [ ] t  r   
i sis. t is   is  t t   s ri  s  i ti  
f  r l -    tt r  t i  i  t  rif  r li i t  t  
t s s s t . 
il  i   rt t s,   I  [S, 1. t  inf r  
i  i  i  i e t  r t  t t ll  fr  t  l  
,   t  i  i  i  it  l  .  
l  /i f r ce i  f  i  i r    it.  
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i n f e r e n c e e n g i n e is c o n s i d e r e d a s o n e of t h e c o m p o n e n t s of t h e k n o w l e d g e 
b a s e . T h e d o m a i n d e p e n d e n c y of t h e i n f e r e n c e e n g i n e is a d i r e c t o u t c o m e of 
t h e p a t t e r n m a t c h i n g m e c h a n i s m a d o p t e d in NEONATE. E a c h of t h e f r a m e s is 
d e v e l o p e d i n d i v i d u a l l y w i t h i t s o w n r u l e s a n d i t s o w n t e x t u a l p r o b a b i l i t i e s . 
Each f r a m e is v e r y speci f ic , a n d n o c o m m o n d i a g n o s t i c m e c h a n i s m for al l 
d i s e a s e s c o u l d b e f o u n d . 
T h e k n o w l e d g e b a s e h a s t h r e e c o m p o n e n t s ( F i g u r e 2 ) : t h e i n i t i a t o r , t h e 
p r o b l e m l i s t a n d t h e i n f e r e n c e e n g i n e . 
T h e i n i t i a t o r l o o k s fo r a b n o r m a l f i n d i n g s i n t h e d a t a b a s e . A n 
a b n o r m a l f i n d i n g m i g h t b e a n a b n o r m a l l a b o r a t o r y v a l u e s u c h a s a l o w l e v e l 
of b l o o d g l u c o s e o r a n a b n o r m a l p h y s i c a l f i n d i n g s u c h a s h e p a t o m e g a l y . For 
e a c h a b n o r m a l f i n d i n g t h e i n i t i a t o r p u t s a l l r e l a t e d d i f f e r e n t i a l d i a g n o s t i c 
p r o b l e m s i n t h e p r o b l e m l is t . If t h e p r o b l e m is a l r e a d y i n t h e l i s t t h e 
i n i t i a t o r w i l l n o t r e e n t e r it , b u t i t w i l l m a r k t h e p r o b l e m w i t h t h e n e w 
f i n d i n g t h a t t r i g g e r e d it . T h e i n i t i a t o r is e q u i v a l e n t t o t h e h y p o t h e s e s 
g e n e r a t o r of t h e c o g n i t i v e m o d e l [46] . I t c r e a t e s a d i f f e r e n t i a l d i a g n o s i s l i s t 
for e a c h a b n o r m a l f i n d i n g a n d m a k e s p h y s i c i a n s a w a r e of all p o s s i b l e 
p r o b l e m s i n c l u d i n g r a r e o n e s t h a t m i g h t o t h e r w i s e b e o v e r l o o k e d . ( F i g u r e 3 
is a n e x a m p l e of t h e l i s t t r i g g e r e d b y t a c h y p n e a , w h e n r e s p i r a t o r y r a t e is 
a b o v e 6 0 . ) 
T h e p r o b l e m l i s t is a l i s t of a l l t h e p o t e n t i a l p r o b l e m s u n d e r 
c o n s i d e r a t i o n fo r a g i v e n p a t i e n t . Each p r o b l e m h a s a n a s s o c i a t e d s t a t u s a n d 
a s e t of f i n d i n g s t h a t c a u s e d t h i s p r o b l e m t o b e i n c l u d e d i n t h e l is t . T h e 
p r o b l e m s t a t u s e s a r e " suspec ted , " " h i g h l y s u s p e c t e d , " " c o n f i r m e d " o r 
" r e s o l v e d . " For p r o b l e m s t h a t c a n b e d i a g n o s e d b y x - r a y s , t h e p o s s i b l e 
s t a t u s e s a r e "poss ib l e , " " s u s p i c i o u s , " " h i g h l y s u s p i c i o u s " a n d " c o n f i r m e d . " 
W h e n t h e i n i t i a t o r p u t s p r o b l e m s i n t h e p r o b l e m l is t , t h e y a r e g i v e n t h e 
inference engine is considered as one of the components of the knowledge 
base. The domain dependency of the inference engine is a direct outcome of 
the pattern matching mechanism adopted in NEONATE. Each of the frames is 
developed individually with its own rules and its own textual probabilities. 
Each frame is very specific, and no common diagnostic mechanism for all 
diseases could be found. 
The knowledge base has three components (Figure 2): the initiator, the 
problem list and the inference engine. 
The initiator looks for abnor al findings in the data base. An 
abnor al finding ight be an abnor al laboratory value such as a lo  level 
of blood glucose or an abnormal physical finding such as hepatomegaly. For 
each abnor al finding the initiator puts all related differential diagnostic 
proble s in the proble  list. If the proble  is already in the list the 
initiator ill not reenter it, but it ill ark the proble  ith the ne  
finding that triggered it. The initiator is equivalent to the hypotheses 
generator of the cognitive odel (46). It creates a differential diagnosis list 
for each abnor al finding and akes physicians a are of all possible 
proble s including rare ones that ight other ise be overlooked. (Figure 3 
is an exa ple of the list triggered by tachypnea, hen respiratory rate is 
above 60.) 
The proble  list is a list of all the potential proble s under 
consideration for a given patient. ach proble  has an associated status and 
a set of findings that caused this proble  to be included in the list. The 
proble  statuses are "suspected," "highly suspected," "confir ed" or 
"resolved." For proble s that can be diagnosed by x-rays, the possible 
statuses are "possible," "suspicious," "highly suspicious" and "confirmed." 
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s t a t u s of " s u s p e c t e d ' . T h e p h y s i c i a n c a n s u b s e q u e n t l y o v e r r i d e a n d c h a n g e 
t h e s t a t u s of t h e p r o b l e m s . 
T h e i n f e r e n c e e n g i n e c o n s i s t s of a s e r i e of f r a m e s - o n e f r a m e for e a c h 
p r o b l e m o r d i s e a s e . If a p a r t i c u l a r p r o b l e m e x i s t s in t h e p r o b l e m list , t h e 
c o r r e s p o n d i n g f r a m e w i l l b e a c t i v a t e d a n d m a y c h a n g e t h e s t a t u s of t h e 
p r o b l e m o r d e l e t e t h e p r o b l e m f r o m t h e l is t . E a c h f r a m e in t h e i n f e r e n c e 
e n g i n e c o n t a i n s r u l e s fo r c h a n g i n g t h e s t a t u s of t h e p r o b l e m . I t c a n b e 
c h a n g e d f r o m " s u s p e c t e d " t o " h i g h l y s u s p e c t e d , " f r o m " h i g h l y s u s p e c t e d " t o 
" c o n f i r m e d " o r f r o m " c o n f i r m e d " t o " r e s o l v e d . " I n c a s e s w h e r e t h e d a t a 
n e c e s s a r y t o s a t i s f y t h e r u l e s i n t h e i n f e r e n c e e n g i n e a r e l a c k i n g , t h e s t a t u s 
w i l l r e m a i n u n c h a n g e d , b u t a q u e r y w i l l b e i s s u e d t o t h e p h y s i c i a n for t h e 
m i s s i n g d a t a . For e x a m p l e , i n t h e c a s e of n e w b o r n s e i z u r e s , H y p o g l y c e m i a is 
o n e of t h e p r o b l e m s e n t e r e d b y t h e i n i t i a t o r . If a t a t i m e t h e H y p o g l y c e m i a 
f r a m e is t r i g g e r e d a n d b l o o d g l u c o s e h a s n o t b e e n e n t e r e d w i t h i n t h e l a s t 6 0 
m i n u t e s , t h e n a q u e r y w i l l b e i s s u e d i n o r d e r t o m a k e t h e c l i n i c i an a w a r e of 
t h i s p r o b l e m . ( F i g u r e 4a . is t h e H y p o g l y c e m i a f r a m e , 4 b . is t h e M e t a b o l i c 
a c i d o s i s f r a m e , 4c . is t h e H e a r t F a i l u r e f r a m e a n d 4 d . is t h e C a r d i o g e n i c S h o c k 
f r a m e ) . All f r a m e s a r e t r i g g e r e d b y f i n d i n g s t h a t e x i s t i n t h e p a t i e n t ' s d a t a 
b a s e ; b u t , w h e r e a s t h e d a t a r e q u i r e d b y s o m e of t h e f r a m e s c o n s i s t of o n l y 
a b n o r m a l f i n d i n g s ( s u c h a s H e a r t F a i l u r e o r M e t a b o l i c Ac idos i s ) , o t h e r f r a m e s 
r e q u i r e t h e o u t p u t of p r e v i o u s l y r u n f r a m e s . E a c h f r a m e in t h e i n f e r e n c e 
e n g i n e c a n r e m o v e i t s c o r r e s p o n d i n g p r o b l e m f r o m t h e l i s t if t h e r e is n o 
e v i d e n c e t o c o n f i r m t h e p r o b l e m . Once a p r o b l e m h a s b e e n c o n f i r m e d a n d 
r e s o l v e d i t r e m a i n s in t h e p r o b l e m l i s t fo r r e p o r t i n g p u r p o s e s . M o s t of t h e 
p r o b l e m s c a n b e r e m o v e d f r o m t h e p r o b l e m l i s t a n d r e e n t e r e d a g a i n b y t h e 
i n i t i a t o r . S o m e p r o b l e m s , s u c h a s D i a p h r a g m a t i c H e r n i a , o n c e r u l e d o u t a n d 
r e m o v e d f r o m t h e l i s t c a n n o t r e a p p e a r s i n c e c o n g e n i t a l p r o b l e m s d o n o t 
 
status of "suspected". The physician can subsequently override and change 
the status of the problems. 
The inference engine consists of a serie of frames - one frame for each 
problem or disease. If a particular problem exists in the problem list, the 
corresponding fra e ill be activated and ay change the status of the 
proble  or delete the proble  fro  the list. Each fra e in the inference 
engine contains rules for changing the status of the proble . It can be 
changed fro  "suspected" to "highly suspected," fro  "highly suspected" to 
"confir ed" or fro  "confir ed" to "resolved." In cases here the data 
necessary to satisfy the rules in the inference engine are lacking, the status 
ill re ain unchanged, but a query ill be issued to the physician for the 
issi  ata. r e a le, i  t e case f e r  seiz res, l ce ia is 
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Blood Glucose l e v e l < 4 0 m%%. 
Blood Glucose l e v e l < 3 0 mg%. 
C o n f i r m e d c l in ica i AND 
Blood Glucose l e v e l >= 4 0 mg%. 
b . METABOLIC ACIDOSIS 
HIGHLY SUSPECTED: pH < 7 .3 AND pC02 < 4 5 AND 
P l a s m a B i c a r b o n a t e s < 2 5 m E q / 1 . 
CONFIRMED: pH < 7 . 2 5 AND p C 0 2 < 4 0 AND 
P l a s m a B i c a r b o n a t e s < 2 0 m E q / 1 . 
RESOLVED: C o n f i r m e d c l in ica l AND 
(pH >= 7 .3 OR p C 0 2 >- 4 5 OR 
P l a s m a B i c a r b o n a t e s >- 2 5 mEq/1 ) . 
F i g u r e 4 . I n f e r e n c e E n g i n e F r a m e s 
a. H y p o g l y c e m i a 
b . M e t a b o l i c A c i d o s i s 
c. H e a r t F a i l u r e 
d. C a r d i o g e n i c S h o c k 
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c. HEART FAILURE 
X-RAYS FINDINGS: 
HIGHLY SUSPECTED: E n l a r g e d H e a r t OR 
N o r m a l , b u t I n c r e a s e d H e a r t . 
CLINICAL FINDINGS: 
HIGHLY SUSPECTED: H i g h l y S u s p e c t e d for H y p o v o l e m i a OR 
( W e a k p u l s e OR D e c r e a s e d P u l s e OR 
B o u n d i n g P u l s e ) OR 
H i g h l y S u s p e c t e d C h e s t X - r a y s f i lm . 
CONFIRMED: C o n f i r m e d fo r H y p o v o l e m i a AND 
( W e a k OR D e c r e a s e d OR B o u n d i n g p u l s e s ) AND 
H i g h l y S u s p e c t e d C h e s t X - r a y s f i lm . 
d. CARDIOGENIC SHOCK 
HIGHLY SUSPECTED: ( C o n f i r m e d H e a r t F a i l u r e AND 
H i g h l y S u s p e c t e d M e t a b o l i c Ac idos i s ) OR 
(H igh ly S u s p e c t e d H e a r t F a i l u r e AND 
H i g h l y S u s p e c t e d M e t a b o l i c Ac idos i s ) OR 
(H igh ly S u s p e c t e d H e a r t F a i l u r e AND 
C o n f i r m e d M e t a b o l i c Ac idos i s ) . 
CONFIRMED: C o n f i r m e d H e a r t F a i l u r e AND 
C o n f i r m e d M e t a b o l i c Ac idos i s . 
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r e o c c u r . T h e i n f e r e n c e e n g i n e is e q u i v a l e n t t o t h e c o m p o n e n t t h a t v e r i f i e s 
h y p o t h e s e s of t h e c o g n i t i v e m o d e l . 
Szo lov i t s e t al. 147] p o i n t o u t t h a t i t m i g h t b e t h a t r a p i d g e n e r a t i o n a n d 
e q u a l l y r a p i d m o d i f i c a t i o n or e l i m i n a t i o n of m a n y e x p l i c i t h y p o t h e s e s p l a y s 
a s i g n i f i c a n t r o l e in t h e p h y s i c i a n s r e a s o n i n g p r o c e s s . T h a t is e x a c t l y t h e 
w a y t h e s y s t e m f u n c t i o n s . T h e s y s t e m is d e s i g n e d i n a w a y t h a t t h e 
i n f e r e n c e e n g i n e w i l l f u n c t i o n i m m e d i a t e l y a f t e r t h e i n i t i a t o r h a s b e e n a c t i v e 
a n d s e v e r a l t i m e s a d a y . I n s u c h a w a y t h e s y s t e m m i g h t g e n e r a t e 
h y p o t h e s e s w h i c h a r e t h e n i m m e d i a t e l y e l i m i n a t e d b y t h e i n f e r e n c e e n g i n e 
b e c a u s e of l ack of e v i d e n c e t o s u p p o r t t h e s e h y p o t h e s e s . T h i s m i g h t b e 
c o m p a r e d t o t h e p h y s i c i a n w h o r a p i d l y g e n e r a t e s a n d e l i m i n a t e s h y p o t h e s e s 
i n h i s o r h e r s u b c o n s c i o u s n e s s . 
T h e H e a l t h C a r e P r o v i d e r C o m p o n e n t 
T h e p h y s i c i a n s a n d t h e n u r s e s a s a n i n t e g r a l p a r t of t h e s y s t e m d o t h e 
d a t a e n t r y of t h e h i s t o r y a n d p h y s i c a l e x a m i n a t i o n . T h e y a c c e p t a l e r t s , 
q u e r i e s a n d r e p o r t s . T h e p h y s i c i a n c a n o v e r r i d e t h e p r o b l e m list , c h a n g e 
a t t r i b u t e s of p r o b l e m s , e l i m i n a t e p r o b l e m s a n d a d d n e w o n e s . I t is n o l o n g e r 
a c r i t i q u i n g s y s t e m t h a t m i g h t g i v e t h e p h y s i c i a n a f e e l i n g of b e i n g o f f e n d e d 
a n d a s y s t e m t h a t q u e s t i o n s h i s o r h e r r o l e . I t is a s y s t e m t h a t w o r k s w i t h 
t h e p h y s i c i a n s , h e l p s t h e m t h r o u g h o u t t h e p a t i e n t s h o s p i t a l i z a t i o n , b u t t h e 
l a s t w o r d a n d t h e l a s t d e c i s i o n is of c o u r s e m a d e b y t h e p h y s i c i a n w h o is 
f r e e t o a c t a c c o r d i n g t o h i s o r h e r b e s t p r o f e s s i o n a l j u d g e m e n t . 
reoccur. The inference engine is equivalent to the component that verifies 
hypotheses of the cognitive model. 
Szolovits et al. [47] point out that it might be that rapid generation and 
equally rapid odification or eli ination of any explicit hypotheses plays 
a significant role in the physician's reasoning process. That is exactly the 
ay the syste  functions. The syste  is designed in a ay that the 
inference engine ill function i ediately cifter the initiator has been active 
and several ti es a day. In such a ay the syste  ight generate 
hypotheses hich are then i ediately eli inated by the inference engine 
because of lack of evidence to support these hypotheses. his ight be 
co pared to the physician ho rapidly generates and eli inates hypotheses 
in his or her subconsciousness. 
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T h e R e p o r t G e n e r a t o r 
T h i s t oo l is e m b e d d e d w i t h i n t h e P A L l a n g u a g e a n d i t p e r m i t s p r i n t i n g 
t h e a d m i s s i o n r e p o r t , d i s c h a r g e r e p o r t , a n d i n t e r i m r e p o r t . A l e r t s a n d 
q u e r i e s a s w e l l a s t h e p r o b l e m l is t c a n b e a l s o p r i n t e d . 
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CHAPTER I I I 
COMPARISON OF THE NEONATE TO THE CETUS 
ADMISSION REPORT 
G e n e r a l R e m a r k s 
T h e NEONATE a n d t h e CETUS s y s t e m s p r o d u c e a n a d m i s s i o n r e p o r t 
t h a t i n c l u d e i t e m s s u c h a s ful l h i s t o r y of t h e m o t h e r ' s p r e g n a n c y , d e l i v e r y 
h i s t o r y a n d p h y s i c a l e x a m i n a t i o n f i n d i n g s . B o t h s y s t e m s a l so i n c l u d e a 
p r o b l e m l i s t a s p a r t of t h e a d m i s s i o n s u m m a r y . 
T h i s c h a p t e r c o m p a r e s : 
1. T h e c o m p l e t e n e s s of t h e NEONATE v s . t h e CETUS r e p o r t ( e x c e p t for t h e 
p r o b l e m l i s t ) . 
2 . T h e p r o b l e m l i s t i n t h e c u r r e n t CETUS a d m i s s i o n r e p o r t t o t h e u n e d i t e d 
p r o b l e m l i s t p r o d u c e d b y NEONATE. 
I t s h o u l d b e p o i n t e d o u t t h a t t h e p r o b l e m l i s t i n t h e CETUS a d m i s s i o n 
r e p o r t is c o m p o s e d b y c l i n i c i a n s w i t h o u t e x p e r t s y s t e m s u p p o r t w h e r e a s t h e 
NEONATE p r o b l e m l is t u s e d fo r t h i s c o m p a r i s o n is e n t i r e l y c o m p o s e d b y t h e 
e x p e r t s y s t e m w i t h o u t t h e h u m a n e d i t i n g i t m i g h t o t h e r w i s e r e c e i v e . 
C o m p a r i s o n of t h e C o m p l e t e n e s s 
T h e c l a i m t h a t NEONATE w i l l p r o d u c e a m o r e c o m p l e t e a d m i s s i o n 
r e p o r t t h a n t h e c u r r e n t CETUS r e p o r t is b a s e d o n t h r e e t h i n g s . F i r s t , w h e n 
c o m p a r i n g t h e i n f o r m a t i o n s h e e t f i l l ed o u t b y c l i n i c i a n s w h i c h is u s e d t o 
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c r e a t e t h e CETUS r e p o r t w i t h t h e i n p u t s c r e e n s of NEONATE it is n o t e d t h a t 
t h e i t e m s o n t h e CETUS i n f o r m a t i o n s h e e t a r e a s u b s e t of t h e i t e m s o n t h e 
NEONATE s c r e e n s . T h e m a i n a d d i t i o n s t o NEONATE a r e in t h e a r e a of m o r e 
b r a n c h i n g c h o i c e s for f i n d i n g s in t h e p h y s i c a l e x a m s e c t i o n . (Bo th s y s t e m s 
a l l o w t h e a d d i t i o n of f r e e t ex t . ) S e c o n d , t h e l a b a n d x - r a y d a t a NEONATE u s e s 
for i t s i n f e r e n c e p r o c e s s c a n e a s i l y b e a d d e d t o t h e a d m i s s i o n r e p o r t w i t h n o 
a d d i t i o n a l d a t a e n t r y r e q u i r e d f r o m t h e u s e r s . If t h e CETUS r e p o r t w e r e t o 
i n c l u d e s u c h d a t a it w o u l d h a v e t o b e g a t h e r e d a n d h a n d e n t e r e d . T h i r d , 
NEONATE i n s i s t s o n a n s w e r s t o h i s t o r y q u e s t i o n s , ( s u c h a s p r e p r e g n a n c y 
w e i g h t of t h e m o t h e r ) e v e n if t h e a n s w e r h a s t o b e " u n k n o w n ; ' I n t h e 
a d m i s s i o n r e p o r t NEONATE l i s t s a n i t e m for e a c h q u e s t i o n . I n t h e CETUS 
r e p o r t n o i t e m is l i s t e d for s o m e h i s t o r y q u e s t i o n s if t h e q u e s t i o n w a s lef t 
u n a n s w e r e d o n t h e i n f o r m a t i o n s h e e t . A s t u d y w a s c o n d u c t e d t h a t p r i m a r i l y 
m e a s u r e s t h e i m p a c t of t h i s d i f f e r e n c e b e t w e e n t h e s y s t e m s . 
A s t u d y w a s u n d e r t a k e n t o d e t e r m i n e t h e c o m p l e t e n e s s of NEONATE. 
Fi f ty p a t i e n t r e c o r d s e a c h of w h i c h i n c l u d e d a d m i s s i o n n o t e s a n d a CETUS 
a d m i s s i o n r e p o r t , w e r e u s e d t o c r e a t e 5 0 NEONATE a d m i s s i o n r e p o r t s . Each 
NEONATE r e p o r t t h u s l i s t e d t h o s e i t e m s p a r t i c u l a r t o t h e p a t i e n t p l u s t h e 
i t e m s a l w a y s i n c l u d e d i n t h e NEONATE r e p o r t . T h e i t e m s i n t h e NEONATE 
r e p o r t w h i c h w e r e n o t p r e s e n t in t h e a d m i s s i o n n o t e s of t h e m e d i c a l c h a r t o r 
t h e CETUS a d m i s s i o n r e p o r t w e r e c o u n t e d fo r t h e 5 0 r e c o r d s a n d t h e m e a n 
w a s c a l c u l a t e d . T h e m e a n of t h e n u m b e r of i t e m s t h a t e x i s t i n t h e CETUS 
a d m i s s i o n r e p o r t s o r t h e a d m i s s i o n n o t e s of t h e m e d i c a l c h a r t s b u t w e r e n o t 
p r e s e n t in t h e NEONATE r e p o r t s w e r e a l s o c a l c u l a t e d for t h e 5 0 r e c o r d s . T h e 
t w o v a l u e s w e r e c o m p a r e d b y t h e t - t e s t . T h e m e a n of t h e n u m b e r of i t e m s in 
t h e NEONATE r e p o r t s t h a t a r e n o t p r e s e n t i n t h e a d m i s s i o n n o t e s of t h e 
CETUS s y s t e m a n d t h e m e d i c a l c h a r t s w a s 8 . 4 2 . T h e m e a n of t h e n u m b e r of 
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f i n d i n g s t h a t e x i s t in t h e CETUS a d m i s s i o n r e p o r t o r i n t h e a d m i s s i o n n o t e s of 
t h e m e d i c a l c h a r t b u t n o t i n t h e NEONATE r e p o r t w a s 0 . 5 2 (p< 0 . 0 1 ) . 
C o m p a r i s o n of t h e P r o b l e m Li s t s 
T h e c o m p a r i s o n s t u d y b e t w e e n CETUS's c l i n i c i a n c o m p o s e d p r o b l e m 
list ( h e r e a f t e r ca l l ed t h e p h y s i c i a n p r o b l e m l i s t ) v s . NEONATE'S e x p e r t 
s y s t e m c o m p o s e d (c l in i c i an u n e d i t e d ) p r o b l e m l i s t is a i m e d a t p r o v i n g t h e 
fo l l owing h y p o t h e s e s : 
1. T h e r e is a g o o d a g r e e m e n t b e t w e e n t h e t w o p r o b l e m l i s t s . 
2 . NEONATE'S c o m p u t e r i n f e r e n c e p r o c e s s p i c k s u p p r o b l e m s t h a t a r e 
c u r r e n t l y m i s s e d b y t h e p h y s i c i a n p r o b l e m l is t . 
3 . NEONATE'S e x p e r t s y s t e m p r o d u c e s m o r e t r u e p o s i t i v e i t e m s o n t h e 
p r o b l e m l i s t a n d f e w e r f a l s e p o s i t i v e s t h a n t h e p h y s i c i a n p r o b l e m l is t . 
M e t h o d s 
NEONATE w a s e v a l u a t e d r e t r o s p e c t i v e l y for i t s a g r e e m e n t w i t h t h e 
p h y s i c i a n p r o b l e m l is t a n d for i t s i m p r o v e m e n t o v e r t h i s l is t . Th i s w a s 
p e r f o r m e d b y c o m p a r i n g t h e NEONATE p r o b l e m l is t g e n e r a t e d f r o m c h a r t 
d a t a w i t h t h e p h y s i c i a n p r o b l e m l is t . F i f ty m e d i c a l r e c o r d s of p a t i e n t s w e r e 
p u l l e d f r o m t h e a r c h i v e of t h e P r i m a r y C h i l d r e n s M e d i c a l C e n t e r w i t h t h e 
i n i t i a l f i n d i n g of t a c h y p n e a . T e n r e c o r d s w e r e s e l e c t e d w i t h t h e a d m i t t i n g 
d i a g n o s i s of H y a l i n e M e m b r a n e D i sea se , 10 r e c o r d s w i t h T r a n s i e n t 
T a c h y p n e a of t h e N e w b o r n , 10 r e c o r d s w i t h A s p i r a t i o n P n e u m o n i a , 10 
r e c o r d s w i t h I n f e c t i o u s P n e u m o n i a a n d 10 r e c o r d s w i t h e x t r a - v e n t i l a t o r y a i r 
( P n e u m o t h o r a x o r P n e u m o m e d i a s t i n u m ) . H o w e v e r , i t b e c a m e a p p a r e n t t h a t 
s e p a r a t i o n i n t o g r o u p s w a s n o t p o s s i b l e b e c a u s e m o s t of t h e r e c o r d s s h o w e d 
m u l t i p l e p r o b l e m s l i s t e d i n t h e a d m i s s i o n p r o b l e m l is t . I t is n o t u n u s u a l t h a t 
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a n i n f a n t a d m i t t e d t o t h e N e w b o r n I n t e n s i v e C a r e U n i t h a s m u l t i p l e 
p r o b l e m s s u c h a s I n f e c t i o u s P n e u m o n i a a n d H y a l i n e M e m b r a n e Disease . For 
t h i s r e a s o n i t w a s d e c i d e d t o t r e a t t h e 5 0 m e d i c a l r e c o r d s as o n e g r o u p . All 
t h e 50 r e c o r d s w e r e u s e d t o p r o v e t h e f i r s t h y p o t h e s i s of t h i s c h a p t e r ( t h e 
g o o d a g r e e m e n t b e t w e e n t h e t w o p r o b l e m l i s t s ) a n d o n l y 3 0 r a n d o m r e c o r d s 
w e r e p i c k e d u p f r o m t h i s g r o u p of 5 0 r e c o r d s t o p r o v e t h e fo l l owing t w o 
h y p o t h e s e s of t h i s c h a p t e r . B e c a u s e m a n y of t h e c o m m o n p r o b l e m s t h a t 
NEONATE is c a p a b l e of d i a g n o s i n g a r e c l o s e l y r e l a t e d a n d b e c a u s e of t h e 
r e l a t i v e s i m p l i c i t y of d i a g n o s i n g t h e r a r e d i s e a s e s t h a t e x i s t i n t h e NEONATE 
k n o w l e d g e b a s e , i t w a s i m p r a c t i c a l t o c h o o s e t h e r a r e d i s e a s e s for e v a l u a t i n g 
t h e s y s t e m . For e x a m p l e c o n f i r m a t i o n of e s o p h a g e a l a t r e s i a d o e s n o t p o s e 
a n y d i f f i cu l t i e s t o t h e p h y s i c i a n o r t o t h e c o m p u t e r if t h e r i g h t x - r a y d a t a a r e 
e n t e r e d . On t h e o t h e r h a n d d i f f e r e n t i a t i o n of A s p i r a t i o n P n e u m o n i a f r o m 
I n f e c t i o u s P n e u m o n i a o r f r o m T r a n s i e n t T a c h y p n e a of t h e N e w b o r n is 
s o m e t i m e s d i f f icu l t fo r t h e p h y s i c i a n a n d is a l s o a c h a l l e n g e t o t h e c o m p u t e r . 
If t a c h y p n e a is p r e s e n t , t h e i n i t i a t o r i n s e r t s a l l 3 5 d i s e a s e s t h a t m a k e 
u p t h e d i f f e r e n t i a l d i a g n o s i s of t a c h y p n e a i n t o t h e p r o b l e m list . T h e 
i n f e r e n c e e n g i n e is c a p a b l e of e l i m i n a t i n g a f e w of t h e m , p r o v i d e d a d e q u a t e 
d a t a is p r e s e n t i n t h e c o m p u t e r i z e d d a t a b a s e . S o m e of t h e p r o b l e m s c a n b e 
e l i m i n a t e d f r o m t h e p r o b l e m l i s t o n l y b y t h e p h y s i c i a n . M o s t of t h e t i m e t w o 
t o t h r e e p r o b l e m s a r e b e i n g p r o m o t e d b y t h e i n f e r e n c e e n g i n e t o "Highly 
S u s p e c t e d " o r " C o n f i r m e d " a n d a b o u t 10 d i s e a s e s a r e le f t u n d e r " S u s p e c t e d " 
w a i t i n g for m o r e d a t a o r w a i t i n g t o b e e l i m i n a t e d b y t h e p h y s i c i a n . T h e 
n e o n a t o l o g i s t s f o u n d t h i s l o n g l i s t t o b e i n a p p r o p r i a t e in t e r m s of s ize; 
t h e r e f o r e , i t w a s d e c i d e d n o t t o d i s p l a y d i s e a s e s i n t h e p r o b l e m l i s t w i t h t h e 
a t t r i b u t e of " S u s p e c t e d " e x c e p t for I n f e c t i o u s P n e u m o n i a a n d S e p s i s w h i c h 
a r e f r e q u e n t l y s e e n a m o n g s ick n e w b o r n s . T h e u n d i s p l a y e d d i s e a s e s a r e n o t 
 
 f t itt    e bor  i   it   
l s   ti s onia  ali  e bra e i  
i   t s i  t  t   edical    . 
   r      t t esi  f  t r 
 ent t    l    l    
r              t
t    t r.        
  l          t
 li i       t    
l     r ti l       
   l  ti   l    
 lti    i     t r     
.     ti ti   i  i  fro
 i    t      
 lt         co .
        e
 ti l      
        adeq te
    t       be
          t o
         " i l
        "Suspected" 
        The
     size; 
t , it  i  t t  i l  i  i  t  l  li t it  the 
ttri t   t  t  ti  i   i  hich 
 r tl    i  .  i l  i   not 
3 8 
e l i m i n a t e d f r o m t h e p r o b l e m list , b u t r e m a i n for f u t u r e r e f e r e n c e . T h e 
r e t r o s p e c t i v e s t u d i e s w e r e c o n d u c t e d b y r e f e r r i n g t o t h e p r o b l e m s t h a t a r e 
a c t i v e l y d i s p l a y e d o n s c r e e n a n d a r e a p p a r e n t t o t h e u s e r p h y s i c i a n . T h e f ac t 
t h a t t h e c o m p u t e r k n o w s m u c h m o r e t h a n w h a t i t s h o w s o n l y s t r e n g t h e n t h e 
c a p a b i l i t i e s of t h e c o m p u t e r t o r e q u e s t i n f o r m a t i o n for r u l i n g o u t t h e s e 
p r o b l e m s , if n e c e s s a r y . If m o r e d a t a a r e a v a i l a b l e t h e s e p r o b l e m s c a n b e 
g i v e n a h i g h e r a t t r i b u t e t h a t a l l o w s t h e m t o b e d i s p l a y e d o n t h e s c r e e n o r o n 
t h e p r i n t - o u t w i t h o u t o v e r w h e l m i n g t h e u s e r s w i t h a long l i s t of p r o b l e m s . 
1. T h e M e t h o d s for e v a l u a t i n g t h e a g r e e m e n t b e t w e e n NEONATE'S p r o b l e m 
l is t a n d t h e p h y s i c i a n p r o b l e m list : 
T h e a g r e e m e n t b e t w e e n t h e NEONATE a d m i s s i o n p r o b l e m l is t a n d t h e 
p h y s i c i a n a d m i s s i o n p r o b l e m l is t w a s m e a s u r e d b y t h e K a p p a s t a t i s t i c 150]. 
For e a c h of t h e 5 0 r e c o r d s t h a t w e r e s t u d i e d , a K a p p a v a l u e w a s d e t e r m i n e d 
b y u s i n g t h e f o l l o w i n g f o r m u l a : 
P o - P e 
K a p p a = 
1 - P e 
w h e r e : 
P o = (A + D) / 3 5 
P e « ((A • 0 / 3 5 ) * ((A + B) / 3 5 ) + ((C - D) / 3 5 ) * ((B + D) / 3 5 ) 
P o is t h e o b s e r v e d p r o b a b i l i t y . 
P e is t h e e x p e c t e d p r o b a b i l i t y . 
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A - N u m b e r of p r o b l e m s t h a t a p p e a r in t h e p h y s i c i a n a d m i s s i o n 
p r o b l e m l ist a n d t h e NEONATE p r o b l e m l is t t h a t a r e p a r t of t h e c l o s e d 
l i s t of 3 5 p r o b l e m s NEONATE is a b l e t o d i a g n o s e . 
B - N u m b e r of p r o b l e m s t h a t a p p e a r in t h e p h y s i c i a n a d m i s s i o n 
p r o b l e m l is t b u t n o t in t h e NEONATE a d m i s s i o n p r o b l e m l is t t h a t a r e 
p a r t of t h e c l o s e d l i s t of 3 5 d i s e a s e s NEONATE is a b l e t o d i a g n o s e . 
C - N u m b e r of p r o b l e m s t h a t a p p e a r in t h e NEONATE a d m i s s i o n 
p r o b l e m l is t b u t n o t in t h e p h y s i c i a n a d m i s s i o n p r o b l e m l is t t h a t a r e 
p a r t of t h e c lo sed l i s t of 3 5 d i s e a s e s NEONATE is a b l e t o d i a g n o s e . 
D - N u m b e r of p r o b l e m s t h a t d o n o t a p p e a r in t h e p h y s i c i a n a d m i s s i o n 
p r o b l e m l i s t a n d d o n o t a p p e a r i n t h e NEONATE a d m i s s i o n p r o b l e m l i s t 
t h a t a r e p a r t of t h e c l o s e d l i s t of 3 5 d i s e a s e s NEONATE is a b l e t o 
d i a g n o s e . 
O b v i o u s l y , t h e s u m of A, B, C, a n d D is 3 5 , w h i c h is t h e t o t a l n u m b e r of 
p r o b l e m s / d i s e a s e s t h a t NEONATE is a b l e t o d i a g n o s e . 
K a p p a a s a m e a s u r e of a g r e e m e n t b e y o n d c h a n c e o n l y , d o e s n o t g i v e 
i n s i g h t s t o t h e t r u e p o s i t i v e v a l u e o r t h e t r u e n e g a t i v e v a l u e of t h e p r o b l e m 
l i s t t h a t is p r o d u c e d b y NEONATE. D i f f e r e n t s t u d i e s , t o d e t e r m i n e t h e 
a d v a n t a g e of NEONATE p r o b l e m l i s t o v e r t h e p h y s i c i a n p r o b l e m list , w e r e 
c o n d u c t e d . 
2 . M e t h o d s t o p r o v e t h a t NEONATE p i c k s u p p r o b l e m s m i s s e d b y t h e 
p h y s i c i a n p r o b l e m list: 
For t h e p u r p o s e of t h i s s t u d y , in a d d i t i o n t o t h e NEONATE a d m i s s i o n 
p r o b l e m l is t t h a t t h e c o m p u t e r g e n e r a t e s , a n d i n a d d i t i o n t o t h e a d m i s s i o n 
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p r o b l e m l is t a s i t is w r i t t e n i n t h e CETUS s y s t e m a d m i s s i o n r e p o r t , a Gold 
S t a n d a r d l i s t w a s d e f i n e d . T h i s Gold S t a n d a r d l i s t i n c l u d e s all t h e p r o b l e m s 
( i n f e r r e d f r o m t h e p a t i e n t ' s c h a r t ) t h a t t h e p a t i e n t s h o u l d b e s u s p e c t e d of 
h a v i n g a t t h e t i m e of a d m i s s i o n . P r o b l e m s w e r e e n t e r e d i n t o t h e Gold 
S t a n d a r d l i s t b y t h e f o l l o w i n g r u l e s : 
a. All d i s e a s e s / p r o b l e m s t h a t a r e m e n t i o n e d i n t h e r e c o r d ' s d i s c h a r g e 
r e p o r t , h a v i n g t h e i r o n s e t d u r i n g t h e d a y of a d m i s s i o n , a n d b e i n g p a r t of 
t h e c l o s e d l i s t of 3 5 d i s e a s e s NEONATE is a b l e t o d i a g n o s e . 
b . All d i s e a s e s t h a t a r e e x p l i c i t l y m e n t i o n e d in t h e h a n d w r i t t e n a d m i s s i o n 
n o t e s b y t h e a d m i t t i n g p h y s i c i a n , a n d t h a t a r e p a r t of t h e l i s t of 3 5 
d i s e a s e s NEONATE is a b l e t o d i a g n o s e . 
c. All d i s e a s e s t h a t a r e e x p l i c i t l y m e n t i o n e d i n t h e f i r s t c h e s t x - r a y r e p o r t , 
if t h e f i lm w a s t a k e n d u r i n g t h e f i r s t d a y of a d m i s s i o n , a n d t h e d i s e a s e s 
a r e p a r t of t h e c l o s e d l i s t of 3 5 d i s e a s e s t h a t NEONATE is a b l e t o d i a g n o s e . 
(Ches t x - r a y f i n d i n g s a s m e n t i o n e d i n t h e r e p o r t a r e n o t i n t e r p r e t e d a s a 
p r o b l e m . T h e n a m e of t h e d i s e a s e s h o u l d b e spec i f i ca l l y w r i t t e n . For 
e x a m p l e : If i t is w r i t t e n in t h e r e p o r t "The f i n d i n g s s u g g e s t A s p i r a t i o n 
P n e u m o n i a , " t h e n t h e P r o b l e m A s p i r a t i o n P n e u m o n i a w i l l b e i n s e r t e d i n t o 
t h e Gold S t a n d a r d l is t . ) 
d. For t h e p r o b l e m s : A n e m i a , N e o n a t a l h y p o c a l c e m i a , M e t a b o l i c a c i d o s i s 
a n d H y p o k a l e m i a , t h e p r o b l e m w a s i n s e r t e d t o t h e g o l d s t a n d a r d l i s t if 
t h e c o r r e s p o n d i n g l a b o r a t o r y v a l u e ( h e m o g l o b i n , t o t a l c a l c i u m , pH a n d 
p l a s m a p o t a s s i u m l e v e l ) d u r i n g t h e f i r s t 2 4 h o u r s of a d m i s s i o n w a s b e l o w 
t h e n o r m a l r a n g e as d e f i n e d b y t h e r u l e s of t h e c o r r e s p o n d i n g f r a m e fo r 
t h e a t t r i b u t e " h i g h l y s u s p e c t e d . " 
I n t h i s s t u d y t h e v a l u e of a d d i n g a n e x p e r t s y s t e m w a s s h o w n . T h e 
m e a n of t h e n u m b e r of p r o b l e m s t h a t e x i s t i n b o t h t h e NEONATE a n d t h e 
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Gold S t a n d a r d l i s t b u t n o t in t h e p h y s i c i a n p r o b l e m l i s t w a s c a l c u l a t e d f r o m 
3 0 m e d i c a l r e c o r d s . 
3 . M e t h o d s t h a t p r o v e t h a t NEONATE p r o d u c e s m o r e t r u e p o s i t i v e p r o b l e m s 
a n d l e s s f a l s e p o s i t i v e p r o b l e m s t h a n t h e p h y s i c i a n p r o b l e m list : 
T h i s s t u d y t e s t s t o s e e if NEONATE'S e x p e r t s y s t e m is a n i m p r o v e m e n t 
o v e r t h e p h y s i c i a n p r o b l e m l is t . H e r e , i n a d d i t i o n t o t h e NEONATE a d m i s s i o n 
p r o b l e m l i s t a n d in a d d i t i o n t o t h e p h y s i c i a n a d m i s s i o n p r o b l e m list , f i ve 
l i s t s w e r e d e f i n e d : 
a. T h e Gold S t a n d a r d l i s t w h i c h is t h e s a m e l i s t a s i t w a s d e f i n e d o n t h e 
p r e v i o u s s e c t i o n t h a t d e s c r i b e s t h e m e t h o d for p r o v i n g t h a t NEONATE 
p i c k s u p p r o b l e m s m i s s e d b y t h e p h y s i c i a n p r o b l e m l is t . 
b . A l is t t h a t i n c l u d e s al l p r o b l e m s t h a t e x i s t i n t h e p h y s i c i a n a d m i s s i o n 
p r o b l e m l i s t a n d in t h e go ld s t a n d a r d l is t . 
c. A l i s t t h a t i n c l u d e s al l p r o b l e m s t h a t e x i s t i n t h e p h y s i c i a n a d m i s s i o n 
p r o b l e m list , b u t n o t in t h e go ld s t a n d a r d l is t . 
d. A l is t t h a t i n c l u d e s all p r o b l e m s t h a t e x i s t i n t h e NEONATE a d m i s s i o n 
p r o b l e m l i s t a n d in t h e go ld s t a n d a r d l is t . 
e. A l i s t t h a t i n c l u d e s al l p r o b l e m s t h a t e x i s t i n t h e NEONATE a d m i s s i o n 
p r o b l e m list , b u t n o t in t h e go ld s t a n d a r d l is t . 
T h e t r u e p o s i t i v e v a l u e of NEONATE w a s d e f i n e d a s t h e n u m b e r of 
p r o b l e m s t h a t e x i s t i n l i s t d. T h e t r u e p o s i t i v e v a l u e of t h e p h y s i c i a n 
p r o b l e m l is t w a s d e f i n e d as t h e n u m b e r of p r o b l e m s t h a t e x i s t i n l is t b . 
T h e f a l s e p o s i t i v e v a l u e of NEONATE w a s d e f i n e d as t h e n u m b e r of 
p r o b l e m s t h a t e x i s t i n l is t e. T h e f a l s e p o s i t i v e v a l u e of t h e p h y s i c i a n 
p r o b l e m l i s t w a s d e f i n e d as t h e n u m b e r of p r o b l e m s t h a t e x i s t i n l i s t c. 
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T h e f a l s e n e g a t i v e v a l u e of NEONATE w a s d e f i n e d a s t h e n u m b e r of 
p r o b l e m s t h a t r e s u l t s f r o m t h e s u b t r a c t i o n of t h e n u m b e r of p r o b l e m s t h a t 
d e t e r m i n e s t h e t r u e p o s i t i v e v a l u e of NEONATE f r o m t h e n u m b e r of 
p r o b l e m s t h a t e x i s t i n t h e go ld s t a n d a r d l is t . I n t h e s a m e w a y t h e f a l s e 
n e g a t i v e v a l u e of t h e p h y s i c i a n p r o b l e m l i s t w a s d e f i n e d . 
T h e t r u e n e g a t i v e v a l u e of NEONATE w a s d e t e r m i n e d f r o m t h e 
s u b t r a c t i o n of t h e t r u e p o s i t i v e v a l u e of NEONATE, t h e f a l s e n e g a t i v e v a l u e of 
NEONATE a n d t h e f a l s e p o s i t i v e v a l u e of NEONATE f r o m 3 5 ( w h i c h is t h e 
t o t a l n u m b e r of p r o b l e m s NEONATE is a b l e t o d i a g n o s e ) . T h e s a m e a p p l i e s t o 
t h e d e f i n i t i o n of t h e t r u e n e g a t i v e v a l u e of t h e p h y s i c i a n p r o b l e m l is t . 
To d e m o n s t r a t e t h a t NEONATE p e r f o r m s b e t t e r t h a n t h e c u r r e n t 
p h y s i c i a n p r o b l e m l i s t (or t h e c u r r e n t p r o b l e m l i s t t h a t is t y p e d i n t o t h e 
CETUS s y s t e m m a n u a l l y , s i n c e CETUS h a s n o d e c i s i o n c a p a b i l i t i e s ) it m u s t b e 
s h o w n t h a t t h e t r u e p o s i t i v e v a l u e of NEONATE is g r e a t e r t h a n t h e t r u e 
p o s i t i v e v a l u e of t h e p h y s i c i a n p r o b l e m l i s t a n d t h e f a l s e p o s i t i v e v a l u e of 
NEONATE is s m a l l e r t h a n t h e f a l s e p o s i t i v e v a l u e of t h e p h y s i c i a n p r o b l e m 
list . 
Each of t h e f o u r p a r a m e t e r s ( t r u e p o s i t i v e , f a l s e p o s i t i v e , t r u e n e g a t i v e 
a n d f a l s e n e g a t i v e ) w a s c a l c u l a t e d for t h e p h y s i c i a n p r o b l e m l is t a n d 
NEONATE i n e a c h of 3 0 c h a r t s . T h e r e s u l t s w e r e a v e r a g e d t o o b t a i n a s i n g l e 
v a l u e for e a c h of t h e p a r a m e t e r s . F r o m t h e s e v a l u e s t h e s e n s i t i v i t y w a s 
c a l c u l a t e d i n e a c h of t h e 3 0 r e c o r d s a s 
T r u e p o s i t i v e s / ( T r u e p o s i t i v e s + F a l s e n e g a t i v e s ) 
for NEONATE a n d for t h e p h y s i c i a n p r o b l e m l i s t a n d t h e r e s u l t s w e r e 
a v e r a g e d . T h e spec i f i c i t y for b o t h p r o b l e m l i s t s w a s c a l c u l a t e d i n e a c h of t h e 
3 0 r e c o r d s a s 
T r u e n e g a t i v e s / ( T r u e n e g a t i v e s + F a l s e p o s i t i v e s ) 
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a n d t h e r e s u i t s w e r e a v e r a g e d . 
R e s u l t s 
1. R e s u l t s of t h e a g r e e m e n t m e a s u r e b e t w e e n NEONATE a n d t h e p h y s i c i a n 
p r o b l e m list : 
T a b l e 1 r e p r e s e n t s K a p p a v a l u e s of t h e 5 0 r e c o r d s . T h e m e a n of 
K a p p a v a l u e s is 0 . 6 6 2 w i t h s t a n d a r d e r r o r of m a r g i n 0 . 0 0 4 7 4 8 . Th i s c o n f i r m s 
t h a t t h e m e a n v a l u e of t h e K a p p a s is w i t h i n a c o n f i d e n c e i n t e r v a l of 0 . 0 1 4 . 
2 . R e s u l t s of t h e s t u d y t h a t s h o w s t h a t NEONATE p i c k s u p p r o b l e m s t h a t a r e 
m i s s e d b y t h e p h y s i c i a n p r o b l e m list: 
I t w a s s h o w n t h a t t h e r e a r e p r o b l e m s t h a t e x i s t i n t h e NEONATE 
a d m i s s i o n p r o b l e m l is t a n d in t h e go ld s t a n d a r d l ist , b u t n o t in t h e p h y s i c i a n 
a d m i s s i o n p r o b l e m list . A m e a n of 1 .033 p r o b l e m s t h a t f i t s t h i s c r i t e r i a w a s 
f o u n d f r o m t h e s t u d y of t h e 3 0 r e c o r d s . T h i s m e a n is s i g n i f i c a n t l y g r e a t e r 
t h a n 0 {p < 0 . 0 1 ) . A p p e n d i x A r e p r e s e n t s t h e n u m b e r of t h e s e p r o b l e m s in 
e a c h of t h e 3 0 r e c o r d s . 
3 . R e s u l t s of t h e s t u d y t h a t NEONATE p r o d u c e s m o r e t r u e p o s i t i v e p r o b l e m s 
a n d l e s s f a l s e p o s i t i v e p r o b l e m s t h a n t h e p h y s i c i a n p r o b l e m list: 
T a b l e 2 r e p r e s e n t s t h e m e a n s of t h e f o u r p a r a m e t e r s ( t r u e p o s i t i v e 
v a l u e s , t r u e n e g a t i v e v a l u e s , f a l s e p o s i t i v e v a l u e s a n d t h e f a l s e n e g a t i v e 
v a l u e s ) . T h e d i f f e r e n c e in t h e v a l u e s b e t w e e n t h e NEONATE p r o b l e m l is t a n d 
t h e p h y s i c i a n p r o b l e m l i s t for e a c h of t h e f o u r p a r a m e t e r s w a s s i gn i f i can t ip 
< 0 . 0 1 ) . 
  l   avera .
 
1. Results of the agreement measure between NEONATE and the physician 
prob Ie m list: 
Table 1 represents Kappa values of the 50 records. The mean of 
Kappa values is 0.662 with standard error of margin 0.004748. This confirms 
that the mean value of the Kappas is within a confidence interval of 0.014. 
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T a b l e 1. K a p p a V a l u e s of 5 0 R e c o r d s 
1. 0 .71 2 6 . 0 . 7 2 
2. 0 .79 2 7 . 0 . 6 4 
3 . 0 .72 2 8 . 0 . 7 2 
4. 0 .45 2 9 . 0 . 3 7 
5. 0 . 8 7 3 0 . 0 . 3 5 
6. 0 .76 3 1 . 0 . 6 3 
7 . 0 .45 3 2 . 0 . 7 8 
8. 0 .76 3 3 . 0 . 7 8 
9. 0 .72 3 4 . 1.00 
10 . 0 .72 3 5 . 0 . 6 3 
1 1 . 0 .41 3 6 . 0 . 8 4 
12 . 0 . 6 3 3 7 . 0 . 6 3 
1 3 . 0 .45 3 8 . 0 . 8 4 
14. 0 .21 3 9 . 0 . 6 4 
15 . 0 . 8 4 4 0 . 0 . 8 7 
16. 0 .45 4 1 . 0 . 6 4 
17 . 0 .72 4 2 . 0 . 6 4 
18 . 0 .21 4 3 . 0 . 6 4 
19 . 0 . 7 8 4 4 . 0 . 8 4 
2 0 . 0 . 5 3 4 5 . 1.00 
2 1 . 0 . 64 4 6 . 1.00 
2 2 . 0 .52 4 7 . 0 . 6 4 
2 3 . 0 .72 4 8 . 0 . 7 8 
2 4 . 0 . 3 7 4 9 . 0 . 6 4 
2 5 . 0 .72 5 0 . 0 . 7 2 
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T a b l e 2 . M e a n s of T r u e P o s i t i v e , F a l s e P o s i t i v e , T r u e N e g a t i v e a n d Fa l s e 
N e g a t i v e V a l u e s of NEONATE P r o b l e m Li s t 





T r u e P o s i t i v e s m e a n 2 7 3 3 1.867 
F a l s e N e g a t i v e s m e a n 0 . 6 3 3 1.500 
F a l s e P o s i t i v e s m e a n 0 . 9 0 0 0 . 3 0 0 
T r u e N e g a t i v e s m e a n 3 0 7 3 3 3 1 . 3 3 3 
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On s t u d y i n g 3 0 c h a r t s i t w a s s h o w n t h a t t h e m e a n of t h e t r u e p o s i t i v e 
v a l u e s of NEONATE w a s 2 7 3 3 w h i l e t h e m e a n of t h e t r u e p o s i t i v e v a l u e s of 
t h e p h y s i c i a n p r o b l e m l i s t w a s 1.867 (P < 0 . 0 1 ) . T h e a s s u m p t i o n t h a t t h e 
m e a n of t h e f a l s e p o s i t i v e v a l u e s of NEONATE is s m a l l e r t h a n t h e m e a n of t h e 
f a l s e p o s i t i v e v a l u e s of t h e p h y s i c i a n p r o b l e m l i s t p r o v e d t o b e w r o n g s ince 
t h e m e a n of t h e f a l s e p o s i t i v e v a l u e s of NEONATE w a s 0 . 9 0 0 w h i l e t h e m e a n 
of t h e f a l s e p o s i t i v e v a l u e s of p h y s i c i a n p r o b l e m l is t w a s 0 . 3 0 0 (P < 0 . 0 1 ) . 
T a b l e 3 r e p r e s e n t s t h e m e a n s of t h e s e n s i t i v i t y a n d t h e spec i f i c i t y for 
b o t h p r o b l e m l i s t s . H e r e a l s o t h e d i f f e r e n c e b e t w e e n t h e t w o p r o b l e m l i s t s is 
s i g n i f i c a n t (p < 0 . 0 1 ) . A p p e n d i x B r e p r e s e n t s a t a b l e w i t h t h e n u m b e r of t r u e 
p o s i t i v e , f a l s e p o s i t i v e , f a l s e n e g a t i v e , t r u e n e g a t i v e p r o b l e m s a n d t h e 
s e n s i t i v i t y a n d t h e s p e c i f i c i t y v a l u e s of NEONATE in e a c h of t h e 3 0 r e c o r d s 
t h a t w e r e s t u d i e d . A p p e n d i x C r e p r e s e n t s a t a b l e w i t h t h e n u m b e r of t h e 
t r u e p o s i t i v e , f a l s e p o s i t i v e , f a l s e n e g a t i v e , t r u e n e g a t i v e p r o b l e m s a n d t h e 
s e n s i t i v i t y a n d t h e s p e c i f i c i t y v a l u e s of t h e p h y s i c i a n p r o b l e m l is t i n e a c h of 
t h e 3 0 r e c o r d s t h a t w e r e s t u d i e d . 
D i s c u s s i o n 
K a p p a of 0 . 6 6 2 c o n f i r m s t h a t t h e r e is a g o o d a g r e e m e n t b e t w e e n t h e 
NEONATE a d m i s s i o n p r o b l e m l i s t a n d t h e p h y s i c i a n a d m i s s i o n p r o b l e m l is t . 
T h i s in t u r n i n f e r s t h a t NEONATE'S p r o b l e m l i s t is c l o se t o t h e p h y s i c i a n 
p r o b l e m l is t . 
As i t w a s s h o w n e x p l i c i t l y t h a t t h e r e a r e p r o b l e m s t h a t e x i s t i n t h e 
NEONATE a d m i s s i o n p r o b l e m l is t a n d i n t h e go ld s t a n d a r d l ist , b u t d o n o t 
a p p e a r i n t h e p h y s i c i a n a d m i s s i o n p r o b l e m list , i t c a n b e c o n c l u d e d t h a t 
NEONATE'S c o m p u t e r i n f e r e n c e p r o c e s s p i c k s u p p r o b l e m s t h a t a r e c u r r e n t l y 
m i s s e d b y t h e p h y s i c i a n p r o b l e m l is t . I n t h i s s t u d y t h e c o m p a r i s o n is d o n e 
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T a b l e 3 . S e n s i t i v i t i e s a n d Spec i f i c i t i e s of NEONATE P r o b l e m Lis t a n d t h e 





S e n s i t i v i t y 8 2 . 8 2 % 5 3 . 7 7 % 
Spec i f i c i t y 9 7 . 1 9 % 9 9 . 0 7 % 
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w i t h t h e u n e d i t e d v e r s i o n of t h e a d m i s s i o n p r o b l e m l i s t of NEONATE. I n t h e 
f u t u r e t h e p r o b l e m l is t is e x p e c t e d t o b e e d i t e d b y p h y s i c i a n s ; t h e r e f o r e , it 
s e e m s t h a t NEONATE e x p e r t s y s t e m e d i t e d b y c l i n i c i a n s s h o u l d p e r f o r m 
b e t t e r t h a n c l i n i c i a n s a l o n e . 
NEONATE p e r f o r m s b e t t e r t h a n t h e p h y s i c i a n a d m i s s i o n p r o b l e m l is t 
i n a s e n s e t h a t i t d i a g n o s e s m o r e t r u e p o s i t i v e p r o b l e m s , b u t t h e p r i c e t o b e 
p a i d is a n i n c r e a s e in f a l s e p o s i t i v e p r o b l e m s . T h e s e n s i t i v i t y of NEONATE is 
f a r b e t t e r t h a n t h e s e n s i t i v i t y of t h e p h y s i c i a n p r o b l e m l is t . I t is w e l l s h o w n 
t h a t NEONATE c a t c h e s m o r e t r u e p o s i t i v e p r o b l e m s t h a n t h e p h y s i c i a n 
a d m i s s i o n p r o b l e m l is t . I t is d i f f icul t t o c o n c l u d e b y t h e r e s u l t s w h e t h e r t h e 
s p e c i f i c i t y of NEONATE is l e s s t h a n t h e s p e c i f i c i t y of t h e p h y s i c i a n a d m i s s i o n 
p r o b l e m l is t . T h e c o m p u t e r d e a l s o n l y w i t h a f i n i t e n u m b e r of d i s e a s e s ( 3 5 
d i s e a s e s i n t h i s c a s e ) . I n r e a l c l in ica l p r a c t i c e a m u c h l a r g e r n u m b e r of 
p r o b l e m s o u g h t t o b e c o n s i d e r e d , a n e v e n t t h a t m i g h t i n c r e a s e t h e s p e c i f i c i t y 
v a l u e of NEONATE. N e v e r t h e l e s s , t h e v a l u e s a s t h e y s t a n d n o w (97% for 
NEONATE a n d 9 9 % for t h e p h y s i c i a n p r o b l e m l i s t ) c a n b e c o n s i d e r e d a s t h e 
s a m e . By r e l y i n g o n t h e e x p e r i m e n t t h a t d e m o n s t r a t e s t h a t t h e f a l s e p o s i t i v e 
v a l u e of t h e p h y s i c i a n p r o b l e m l i s t is s m a l l e r t h a n t h e f a l s e p o s i t i v e v a l u e of 
NEONATE, i t c a n b e c o n c l u d e d t h a t t h e p h y s i c i a n p r o b l e m l i s t d o e s b e t t e r i n 
n o t l i s t i ng p r o b l e m s t h a t d o n o t e x i s t i n t h e g o l d s t a n d a r d l i s t t h a n d o e s 
NEONATE. A m a j o r c o n t r i b u t i o n t o t h i s g a p l i es i n t h e f a c t t h a t NEONATE l i s t s 
a l l c a s e s of " I n f e c t i o u s P n e u m o n i a " t h a t g e t t h e s t a t u s " s u s p e c t e d " if 
t a c h y p n e a is p r e s e n t . F o u r t e e n c a s e s of " I n f e c t i o u s P n e u m o n i a " w e r e t r u e 
p o s i t i v e i n NEONATE a n d 16 c a s e s w e r e f a l s e p o s i t i v e i n NEONATE. S e p s i s , 
t h e o t h e r " s u s p e c t e d " s t a t u s p r o b l e m t h a t m a k e s NEONATE'S p r o b l e m l is t , is 
a l s o l i s t e d w h e n e v e r t a c h y p n e a is p r e s e n t , b u t in t h i s c a s e 2 8 w e r e t r u e 
p o s i t i v e a n d o n l y 2 w e r e f a l s e p o s i t i v e s . A p p e n d i x D d i s p l a y s a h i s t o g r a m 
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.  aj r c tri ti  t  t is a  lies i  t e fact t at  lists 
all cases of "Infectious neu onia" that get the status "suspected" if 
tachypnea is present. ourteen cases of "Infectious neu onia" ere true 
positive in  and 16 cases ere false positive in . epsis, 
the other "suspected" status proble  that akes E TE's proble  list, is 
also listed henever tachypnea is present, but in this case 28 ere true 
positive and only 2 ere false positives. ppendix  displays a histogra  
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t h a t c o m p a r e s t h e n u m b e r of t h e t r u e p o s i t i v e s b e t w e e n NEONATE a n d t h e 
p h y s i c i a n p r o b l e m l i s t b y p r o b l e m , w h e r e a s A p p e n d i x E d i s p l a y s a h i s t o g r a m 
t h a t c o m p a r e s t h e n u m b e r of t h e f a l s e p o s i t i v e s b e t w e e n NEONATE a n d t h e 
p h y s i c i a n p r o b l e m l is t b y p r o b l e m . F r o m t h e s e h i s t o g r a m s it c a n b e 
c o n c l u d e d t h a t t h e d i f f e r e n c e in t h e t r u e p o s i t i v e v a l u e s , w h i c h is s p r e a d 
a m o n g s e v e r a l p r o b l e m s , c o n t r i b u t e s t o t h e i m p r o v e m e n t of NEONATE o v e r 
t h e p h y s i c i a n p r o b l e m list . 
T h e s i g n i f i c a n t l y l a r g e r n u m b e r of t r u e p o s i t i v e s b e t w e e n NEONATE 
a n d t h e p h y s i c i a n p r o b l e m l i s t b y p r o b l e m p r o b a b l y r e s u l t s f r o m s e v e r a l 
v a r i a b l e s . F i r s t , a n d p e r h a p s m o s t i m p o r t a n t l y , i t m a y b e f r o m i n a d e q u a t e 
d o c u m e n t a t i o n o n t h e p a r t of t h e a d m i t t i n g n e o n a t o l o g i s t . C o m m o n p r o b l e m s 
s u c h a s h y p o g l y c e m i a a r e so f r e q u e n t l y m a n a g e d a s p a r t of r o u t i n e c a r e t h a t 
t h e y m a y b e o v e r l o o k e d o n t h e p r o b l e m l i s t e v e n t h o u g h t h e r e is l a b o r a t o r y 
proof, w h i c h t h e NEONATE s y s t e m is d e s i g n e d t o d o c u m e n t . S e c o n d l y , t h e 
a p p r o a c h t o s o m e p r o b l e m s m a y n o t c o n f o r m t o a " s t a n d a r d . " Choos ing a 
h e m a t o c r i t t o d e f i n e a n e m i a is a n e x a m p l e . T h e s t a n d a r d n u m b e r is 4 0 , 
b e l o w w h i c h a n e o n a t e is o f t e n t r a n s f u s e d . H o w e v e r , i n t h e s e t t i n g of h a v i n g 
a n i n f a n t w h o is s ick o n a v e n t i l a t o r , o n e n e o n a t o l o g i s t m a y c h o o s e t o 
t r a n s f u s e w h e n t h e h e m a t o c r i t d r o p s b e l o w 4 5 , n e v e r r e a c h t h e " s t a n d a r d " 
n u m b e r of 4 0 , a n d n e v e r t h i n k i n g t o e n t e r a n e m i a a s a p r o b l e m , e v e n 
t h o u g h m a n a g e m e n t i n d i c a t e d a n e m i a w a s p r e s e n t . A n o t h e r n e o n a t o l o g i s t 
m a y d e f i n e a n e m i a b y w h e t h e r a t r a n s f u s i o n is n e e d e d . He or s h e m a y 
t o l e r a t e a h e m a t o c r i t d o w n t o 3 5 w i t h o u t t r a n s f u s i n g , a n d b e c a u s e t h i s 
h e m a t o c r i t is n o t r e a c h e d , a n d n o t r a n s f u s i o n is g i v e n , a n e m i a is n o t e n t e r e d . 
F ina l ly , n e o n a t e s m a y o f t e n h a v e o n e o r m o r e p r o b l e m s t h a t m a n i f e s t b y t h e 
s a m e s y m p t o m s . For e x a m p l e , a n i n f a n t m a y b e d e l i v e r e d p r e m a t u r e l y 
b e c a u s e of m a t e r n a l i n f e c t i o n a n d h a v e s e p s i s w i t h p n e u m o n i a , b u t b e c a u s e 
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of t h e p r e m a t u r i t y , a l s o h a v e h y a l i n e m e m b r a n e d i s e a s e . T h e r e a r e t w o 
d i s e a s e s c a u s i n g p u l m o n a r y d i s e a s e . Often, t h e m o t h e r s a r e t r e a t e d w i t h 
a n t i b i o t i c s p r i o r t o d e l i v e r y , n e o n a t a l b l o o d c u l t u r e s n e v e r g r o w , a n d s e p s i s 
a n d p n e u m o n i a a r e e v e n t u a l l y d r o p p e d a s a d i a g n o s e s e v e n t h o u g h t h e 
p a t i e n t r e c e i v e d a 7 - 1 0 d a y c o u r s e of a n t i b i o t i c s , a n d m a y h a v e i n d e e d h a d 
b o t h . NEONATE is d e s i g n e d t o l i s t b o t h d i a g n o s e s , b u t s o m e n e o n a t o l o g i s t s 
m a y e l e c t t o l i s t o n l y t h e " p r o v e n " d i a g n o s i s of h y a l i n e m e m b r a n e d i s e a s e . 
T h i s m a y e x p l a i n w h y s e p s i s a n d i n f e c t i o u s p n e u m o n i a g e n e r a t e a 
p a r t i c u l a r l y l a r g e n u m b e r of d i f f e r e n c e s b e t w e e n NEONATE a n d t h e 
p h y s i c i a n p r o b l e m list . 
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CHAPTER IV 
EVALUATION OF THE RADIOLOGICAL FRAMES 
OF THE KNOWLEDGE BASE 
G e n e r a l R e m a r k s 
T h e a n a l y s i s m o d u l e of NEONATE c o n s i s t s of a k n o w l e d g e b a s e t h a t 
h a s f o u r c o m p o n e n t s : ( 1 ) T h e i n i t i a t o r t h a t l o o k s fo r a b n o r m a l f i n d i n g s . 
W h e n t h e y a r e f o u n d , t h e n t h e d i f f e r e n t i a l d i a g n o s i s of e a c h a b n o r m a l i t y is 
s t o r e d i n a c o m p u t e r - m a i n t a i n e d p r o b l e m l i s t w i t h a n a t t r i b u t e ( s t a t u s ) 
s u s p e c t e d " ; ( 2 ) T h e c o m p u t e r i z e d p r o b l e m l i s t i tself; ( 3 ) T h e i n f e r e n c e 
e n g i n e t h a t c o n t a i n s m e d i c a l k n o w l e d g e fo r e a c h of t h e d i s e a s e s t h a t t h e 
c o m p u t e r is a b l e t o d i a g n o s e . T h e k n o w l e d g e is o r g a n i z e d i n t h e f o r m of 
f r a m e s . I n e a c h f r a m e t h e r e a r e r u l e s . T h e s e r u l e s c a n c h a n g e a t t r i b u t e s 
( s t a t u s ) of d i s e a s e s ( f r o m s u s p e c t e d " t o " h i g h l y s u s p e c t e d , " f r o m " h i g h l y 
s u s p e c t e d " t o c o n f i r m e d , " f r o m " c o n f i r m e d " t o " r e s o l v e d " ) o r c a n e l i m i n a t e a 
d i s e a s e f r o m t h e p r o b l e m l is t if n o e v i d e n c e is f o u n d t o s u p p o r t t h e d i s e a s e . 
If a t e s t is m i s s i n g a n d t h e i n f e r e n c e e n g i n e c a n n o t m a k e a n y d e c i s i o n , a n 
i n f o r m a t i o n r e q u e s t w i l l b e p o s t e d ; ( 4 ) T h e p h y s i c i a n a c t s a s p a r t of t h e 
k n o w l e d g e b a s e . He o r s h e c a n c h a n g e t h e a t t r i b u t e of e a c h d i s e a s e if h e or 
s h e f e e l s t h a t t h e d e c i s i o n of t h e i n f e r e n c e e n g i n e is w r o n g . A r e p o r t i n g 
m o d u l e is a l so i n c l u d e d t o p r o d u c e r e p o r t s of t h e k n o w n f i n d i n g s a n d of t h e 
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I n s o m e d i s e a s e s t h e d e c i s i o n is p a r t l y b a s e d o n a n x - r a y e v a l u a t i o n . 
I n o r d e r t o i n c o r p o r a t e t h e x - r a y k n o w l e d g e in t h e f r a m e of a p a r t i c u l a r 
d i s e a s e , t h e f r a m e c o u l d e i t h e r u s e a r a d i o l o g i s t s e v a l u a t i o n o r ( in t h e 
a b s e n c e of a r a d i o l o g i s t ) it c a n i n v o k e a s e c o n d a r y f r a m e ( r ad io log i ca l 
f r a m e ) t h a t h e l p s a n o n r a d i o i o g i s t p h y s i c i a n t o e v a l u a t e t h e x - r a y . B a s e d o n 
f i n d i n g s e n t e r e d b y t h e n o n r a d i o i o g i s t , e a c h r a d i o l o g i c a l f r a m e c a n g e n e r a t e 
a n a t t r i b u t e for a p a r t i c u l a r d i s e a s e t h a t is f o u n d in t h e p r o b l e m list . T h e 
p o s s i b l e r a d i o l o g i c a l a t t r i b u t e s t h a t a p a r t i c u l a r d i s e a s e c a n h a v e a r e : 
p o s s i b l e , ' s u s p e c t e d , " " h i g h l y s u s p e c t e d , " " c o n f i r m e d , " " c a n n o t m a k e a n y 
c o m m e n t s , a n d a b s o l u t e l y no t . " T h i s r a d i o l o g i c a l a t t r i b u t e is u s e d b y t h e 
c o r r e s p o n d i n g p r i m a r y f r a m e of t h e d i s e a s e t o g e n e r a t e a f i na l 
s t a t u s / a t t r i b u t e for t h e d i s e a s e . 
A g r o u p of c h e s t x - r a y d a t a a c q u i s i t i o n f r a m e s f u n c t i o n a s a p a r t of 
t h e d a t a a c q u i s i t i o n m o d u l e . T h e x - r a y f i n d i n g s , w h i c h a r e e n t e r e d i n t o t h e 
c o m p u t e r b y t h e n o n r a d i o i o g i s t p h y s i c i a n , a r e u s e d b y t h e r a d i o l o g i c a l 
f r a m e s of t h e i n f e r e n c e e n g i n e t o g e n e r a t e r a d i o l o g i c a l a t t r i b u t e s for t h e 
d i s e a s e f r a m e s . For i n s t a n c e , t h e r a d i o l o g i c a l a t t r i b u t e t o g e t h e r w i t h o t h e r 
c l in ica l d a t a , a r e u s e d b y a d i s e a s e f r a m e t o a s s i g n a f i n a l a t t r i b u t e t o t h a t 
d i s e a s e . 
A n e v a l u a t i o n of t h i s s y s t e m w a s p l a n n e d , in o r d e r t o d e t e r m i n e t h e 
a c c u r a c y of t h e d e c i s i o n logic of t h e r a d i o l o g i c a l f r a m e s a n d t o p r o v e , b y 
u s i n g t h e r a d i o l o g i c a l f r a m e s , t h e h y p o t h e s i s t h a t NEONATE h e l p s t h e 
n o n r a d i o i o g i s t p h y s i c i a n s in m a k i n g a m o r e a c c u r a t e d i a g n o s i s . 
M e t h o d s 
NEONATE is c a p a b l e of m a k i n g a d i a g n o s i s of 3 5 n e o n a t a l d i s e a s e s , 17 
of w h i c h d i s e a s e s u s e r e s u l t s of r a d i o l o g i c a l f r a m e s . T h e 17 d i s e a s e s a r e : 
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H e a r t F a i l u r e , H y a l i n e M e m b r a n e Di sease , A s p i r a t i o n P n e u m o n i a , 
P n e u m o t h o r a x , P n e u m o m e d i a s t i n u m , I n f e c t i o u s P n e u m o n i a , T r a n s i e n t 
T a c h y p n e a of t h e N e w b o r n , B r o n c h o - P u l m o n a r y D y s p l a s i a , D i a p h r a g m a t i c 
H e r n i a , E s o p h a g e a l A t r e s i s o r T-E F i s tu l a , P u l m o n a r y H e m o r r h a g e , 
C h y l o t h o r a x , H e m o t h o r a x , I n f e c t i o u s P l e u r a l Effusion, P n e u m o p e r i c a r d i u m , 
D i a p h r a g m a t i c P a r a l y s i s , a n d M u s c u l a r D y s t r o p h y . 
F i v e p e d i a t r i c r a d i o l o g i s t s w e r e a s k e d t o r e a d 13 c h e s t x - r a y f i l m s . 
Each of t h e f i l m s w a s s e l e c t e d f r o m t h e h o s p i t a l t e a c h i n g fi le a n d is k n o w n 
t o r e p r e s e n t o n e or m o r e of t h e 17 d i s e a s e s . T h e d i a g n o s e s of e a c h f i lm f r o m 
f i lm 1 t o f i lm 13 a r e : P n e u m o m e d i a s t i n u m , N o r m a l f i lm, P n e u m o t h o r a x , 
T r a n s i e n t T a c h y p n e a of t h e N e w b o r n , H y a l i n e M e m b r a n e Di sease , I n f e c t i o u s 
P n e u m o n i a , B r o n c h o - P u l m o n a r y D y s p l a s i a , A s p i r a t i o n P n e u m o n i a , I n f e c t i o u s 
P n e u m o n i a , P u l m o n a r y H e m o r r h a g e , D i a p h r a g m a t i c H e r n i a , N o r m a l f i lm, a n d 
T r a n s i e n t T a c h y p n e a of t h e N e w b o r n . T h e r a d i o l o g i s t s w e r e a s k e d t o l i s t 
t h e c h e s t x - r a y f i n d i n g s for e a c h f i lm ( t h i s a c t i v i t y s i m u l a t e d e n t e r i n g t h o s e 
f i n d i n g s v i a t h e c o m p u t e r d a t a a c q u i s i t i o n f r a m e s ) . A f t e r w a r d s t h e y w e r e 
g i v e n a l i s t of t h e 17 d i s e a s e s a n d w e r e a s k e d t o a s s i g n a n a t t r i b u t e t o e a c h 
of t h e s e 17 p r o b l e m s / d i s e a s e s for e a c h f i lm . T h e c o m p u t e r logic e x c l u d e s 
s o m e of t h e a t t r i b u t e s a s u n n e c e s s a r y for c e r t a i n d i s e a s e s . For e x a m p l e 
P n e u m o t h o r a x d o e s n o t h a v e a n a t t r i b u t e of "pos s ib l e , " " s u s p e c t e d " o r 
h i g h l y s u s p e c t e d , ' a n d t h e c o m p u t e r c a n o n l y p r o d u c e t h e a t t r i b u t e of 
"conf i rmed," " a b s o l u t e l y n o t " o r c a n n o t m a k e a n y c o m m e n t s . ' All t h e 
r a d i o l o g i c a l f r a m e s a r e a b l e t o s a y " c a n n o t m a k e a n y c o m m e n t s " w h e n t h e y 
a r e u n a b l e t o r e a c h a d e c i s i o n b u t o n l y s o m e f r a m e s a r e c a p a b l e of c o m p l e t e 
e x c l u s i o n of a p r o b l e m ( A b s o l u t e l y n o t " ) . I n c o n t r a s t t o t h e c o m p u t e r 
s y s t e m t h e r a d i o l o g i s t s w e r e a b l e t o c h o o s e a n y of t h e six a t t r i b u t e s for e a c h 
of t h e p r o b l e m s d u r i n g t h i s e v a l u a t i o n . 
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T h e K a p p a s t a t i s t i c 150,51] , w h i c h is a m e a s u r e of a g r e e m e n t b e y o n d 
c h a n c e , w a s u s e d t o e v a l u a t e t h e a g r e e m e n t of t h e c o m p u t e r g e n e r a t e d 
a t t r i b u t e s w i t h t h e a t t r i b u t e s c h o s e n b y t h e r a d i o l o g i s t s . A K a p p a s t a t i s t i c 
w a s c a l c u l a t e d for e a c h p r o b l e m for e a c h r a d i o l o g i s t o r g r o u p of r a d i o l o g i s t s 
( 1 7 d i s e a s e s X 5 r a d i o l o g i s t s = 8 5 K a p p a s ) . I n t h i s a p p r o a c h a K a p p a for a 
g i v e n p r o b l e m a n d a g i v e n r a d i o l o g i s t w a s c a l c u l a t e d f r o m t h e s e t of 
c o m p u t e r g e n e r a t e d a t t r i b u t e s for t h e 13 x - r a y f i l m s a n d t h e c o r r e s p o n d i n g 
s e t of r a d i o l o g i s t c h o s e n a t t r i b u t e s . ( T h e f i n d i n g s u s e d as i n p u t t o t h e 
c o m p u t e r t o p r o d u c e i t s s e t of a t t r i b u t e s w e r e t h e f i n d i n g s of t h e p a r t i c u l a r 
r a d i o l o g i s t u n d e r c o n s i d e r a t i o n . ) A m e a n K a p p a w a s c a l c u l a t e d f r o m t h e 8 5 
i n d i v i d u a l K a p p a s . 
Next , t h e K a p p a s t a t i s t i c w a s u s e d t o e v a l u a t e t h e a g r e e m e n t of o n e 
r a d i o l o g i s t w i t h a n o t h e r . T e n s u b g r o u p s , e a c h i n c l u d i n g t w o r a d i o l o g i s t s , 
w e r e o b t a i n e d f r o m t h e m a i n g r o u p of t h e f i v e p e d i a t r i c r a d i o l o g i s t s . K a p p a 
a g r e e m e n t w a s c a l c u l a t e d fo r e a c h of t h e s u b g r o u p s i n t h e s a m e w a y a s i t 
w a s c a l c u l a t e d for e a c h i n d i v i d u a l r a d i o l o g i s t g i v e n a t t r i b u t e a n d t h e 
c o m p u t e r g e n e r a t e d a t t r i b u t e . A m e a n K a p p a w a s c a l c u l a t e d f r o m t h e 170 
i n d i v i d u a l K a p p a s ( 1 7 d i s e a s e s X 10 s u b g r o u p s ) . 
I n i t i a l l y , K a p p a c a l c u l a t i o n s w e r e b a s e d o n a d i r e c t m a t c h b e t w e e n 
a t t r i b u t e s fo r e a c h of t h e p r o b l e m s ( " s u s p e c t e d " of t h e r a d i o l o g i s t d e c i s i o n 
w i t h " s u s p e c t e d " of t h e c o m p u t e r d e c i s i o n , " c o n f i r m e d " w i t h " c o n f i r m e d , " 
e tc . ) . A t a s e c o n d t i m e , K a p p a c a l c u l a t i o n s w e r e b a s e d o n l e s s r i g i d c r i t e r i a 
i n t h a t o n e u n i t d i s t a n c e of d i f f e r e n c e o n a g r e e m e n t b e t w e e n t h e c o m p u t e r 
a n d t h e r a d i o l o g i s t w a s c o n s i d e r e d a s a p e r f e c t a g r e e m e n t . Rigid o n e u n i t 
d i s t a n c e of d i f f e r e n c e o n a g r e e m e n t w a s c o n s i d e r e d t o b e w h e n t h e t w o 
a t t r i b u t e s f r o m b o t h r a t e r s ( c o m p u t e r a n d r a d i o l o g i s t ) w e r e e i t h e r " p o s s i b l e " 
a n d s u s p e c t e d , " " s u s p e c t e d " a n d " h i g h l y s u s p e c t e d , " " h i g h l y s u s p e c t e d " a n d 
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c o n f i r m e d , ' ' "poss ib le" a n d "cannot m a k e a n y c o m m e n t s , " a n d " c a n n o t m a k e 
a n y c o m m e n t s " a n d " a b s o l u t e l y no t . " T a b l e 4 s u m m a r i z e s t h e d i f f e r e n t w a y s 
of m a t c h i n g c o m p u t e r a t t r i b u t e s a n d r a d i o l o g i s t a t t r i b u t e s . 
To e v a l u a t e t h e r a d i o l o g i c a l f r a m e s a s a n a id t o n o n r a d i o i o g i s t 
p h y s i c i a n s i n e v a l u a t i n g a n x - r a y , t h e go ld s t a n d a r d r a d i o l o g i c a l a t t r i b u t e l i s t 
w a s d e v e l o p e d . I t c o n s i s t s of t h e c o n s e n s u s of t h e r a d i o l o g i s t s o n t h e 
a t t r i b u t e for e a c h f i lm for e a c h d i s e a s e . T h e c o n s e n s u s w a s e s t a b l i s h e d b y 
t h e f o l l o w i n g t w o r u l e s : 
1. If a t l e a s t t h r e e of t h e r a d i o l o g i s t s a g r e e o n a n a t t r i b u t e , t h a t a t t r i b u t e is 
c o n s i d e r e d as t h e c o n s e n s u s . 
2 . If t h e r e is n o m a j o r i t y o n a g r e e m e n t o n a n a t t r i b u t e , t h e a t t r i b u t e t h a t is 
c o n s i d e r e d a s t h e m e d i a n a f t e r r a n k i n g t h e a t t r i b u t e s i n a n o r d e r f r o m l e a s t 
l i k e l y t o m o s t l i k e l y ( A b s o l u t e l y n o t ; C a n n o t m a k e a n y c o m m e n t s ; P o s s i b l e ; 
S u s p e c t e d ; H i g h l y s u s p e c t e d ; a n d C o n f i r m e d ; ) is c h o s e n . 
E i g h t e e n p e d i a t r i c r e s i d e n t s w e r e s e l e c t e d i n o r d e r t o t e s t t h e 
c o m p u t e r ' s a b i l i t y t o e v a l u a t e x - r a y f i l m s . Six of t h e m w e r e d u r i n g t h e i r f i r s t 
y e a r of r e s i d e n c y , six d u r i n g t h e s e c o n d y e a r a n d six d u r i n g t h e t h i r d y e a r . 
Each of t h e m w a s a s k e d t o r e a d t h e 13 x - r a y f i lms , t o w r i t e h i s o r h e r 
f i n d i n g s , a n d t o a s s i g n a t t r i b u t e s for e a c h d i s e a s e in e x a c t l y t h e s a m e w a y 
t h a t it w a s d o n e b y t h e r a d i o l o g i s t s . At a s e c o n d t i m e t h e r e s i d e n t s ' f i n d i n g s 
w e r e e n t e r e d t o t h e c o m p u t e r in o r d e r t o o b t a i n a c o m p u t e r g e n e r a t e d 
a t t r i b u t e l is t . B o t h a t t r i b u t e l i s t s ( t h e r e s i d e n t s a n d t h e c o m p u t e r ' s u s i n g t h e 
r e s i d e n t s f i n d i n g s ) w e r e c o m p a r e d t o t h e g o l d s t a n d a r d a t t r i b u t e l is t . 
T h e c o m p a r i s o n t o t h e g o l d s t a n d a r d a t t r i b u t e l i s t w a s a c h i e v e d b y 
u s i n g a s c o r i n g s y s t e m t h a t r e f l e c t s t h e d i s t a n c e b e t w e e n t h e r e s i d e n t s 
a t t r i b u t e l i s t o r t h e c o m p u t e r ' s a t t r i b u t e l i s t a n d t h e go ld s t a n d a r d l is t . For 
ss
" fi ed," "p   "ca    ents,    
 e t "  "abs     ri   t 
 t r   i  ttrib t .
       n l
          
           th
          b
   
             
  .
   j rit   t       
           l
    l t     t  ;
    ;  c .
         th
ter '          first
           .
      ,   
           
      i .     ' findings
    t       t  ge r t
     '   t r '   th
         li t. 
 ri          
          's
    t r '        
T a b l e 4 . M a t c h i n g C r i t e r i a for A t t r i b u t e s 
| ABS CAN POS SUS HSUS CON 
1 ABS X Y Y 
j 
i 
CAN Y X Y Y 
POS Y X Y Y 
s u s Y X Y Y 
I HSUS Y X Y Y 
CON 
• 
Y X Y 
w h e r e : 
X - Di rec t m a t c h ABS - A b s o l u t e l y n o t 
Y - M a t c h b y o n e u n i t d i s t a n c e CAN - C a n n o t m a k e a n y c o m m e n t s 
POS - P o s s i b l e 
SUS - S u s p e c t e d 
HSUS - H i g h l y s u s p e c t e d 
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e a c h c h e s t x - r a y f i lm a s c o r e w a s o b t a i n e d b y s u m m i n g a c r o s s al l 17 
d i s e a s e s a s fo l lows : 
1. if a n a t t r i b u t e m a t c h e s p e r f e c t l y w i t h t h e g o l d s t a n d a r d l is t a t t r i b u t e for 
t h a t p a r t i c u l a r d i s e a s e in t h e s a m e x - r a y f i lm t h e s c o r e is 0. If t h e r e is n o 
m a t c h b u t e a c h of t h e t w o a t t r i b u t e s i n b o t h l i s t s a r e c o n f i r m e d " a n d " h i g h l y 
s u s p e c t e d , " h i g h l y s u s p e c t e d " a n d " s u s p e c t e d , " " s u s p e c t e d " a n d "poss ib le , " 
" p o s s i b l e " a n d " c a n n o t m a k e a n y c o m m e n t s , " " c a n n o t m a k e a n y c o m m e n t s " 
a n d a b s o l u t e l y not ," o r a b s o l u t e l y n o t " a n d "pos s ib l e , " t h e n a s c o r e of 1 is 
g i v e n . O t h e r w i s e , a n y o t h e r m i s m a t c h r e c e i v e s a s c o r e of 2 . For e a c h x - r a y 
f i lm t h e s u m of t h e s c o r e s of t h e a t t r i b u t e s is o b t a i n e d a s t h e f ina l x - r a y 
s c o r e . 
2 . T h e s e c o n d w a y of m e a s u r i n g t h e d i s t a n c e d o e s n o t t a k e i n t o a c c o u n t 
m o r e t h a n o n e u n i t d i s t a n c e of m i s m a t c h a n d s c o r e s al l m i s m a t c h e s a s 1. For 
e a c h x - r a y f i lm t h e d i s t a n c e s c o r e is s i m p l y t h e n u m b e r of a t t r i b u t e 
m i s m a t c h e s . 
R e s u l t s 
K a p p a w a s e v a l u a t e d t o m e a s u r e t h e a g r e e m e n t for e a c h r a d i o l o g i s t 
b e t w e e n h i s o w n a t t r i b u t e l i s t a n d t h e a t t r i b u t e l i s t f r o m t h e c o m p u t e r u s i n g 
h i s o w n f i n d i n g s . T h e m e a n K a p p a fo r t h e f i v e g r o u p s a n d 17 d i s e a s e s w a s 
0 . 6 4 8 , w h e n a p e r f e c t m a t c h w a s u s e d a n d 0 . 8 4 8 w h e n o n e u n i t d i s t a n c e w a s 
u s e d ( F i g u r e 5 ) . M e a n K a p p a a g r e e m e n t of t h e 10 s u b g r o u p s of t w o 
r a d i o l o g i s t s a n d 17 d i s e a s e s w a s s h o w n t o b e 0 . 6 8 8 (p > 0 . 0 1 ) w h e n a 
p e r f e c t m a t c h in t h e a t t r i b u t e s w a s u s e d fo r t h e t e n s u b g r o u p s . F i g u r e 5 a l so 
s h o w s t h e i n c r e a s e in K a p p a t o 0 . 8 9 8 (p < 0 . 0 1 ) w h e n u s i n g t h e o n e u n i t 
d i s t a n c e in a t t r i b u t e s . 
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F i g u r e 5 . M e a n of K a p p a A g r e e m e n t of t h e T e n S u b g r o u p s of T w o 
R a d i o l o g i s t s a s C o m p a r e d t o t h e M e a n of t h e A g r e e m e n t 
B e t w e e n E a c h R a d i o l o g i s t a n d t h e C o m p u t e r ' s 
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T h e m e a n of t h e d i s t a n c e s , a s e x p l a i n e d i n t h e m e t h o d s ec t i on , 
b e t w e e n t h e r e s i d e n t s ' a t t r i b u t e l is t w i t h o u t u s i n g t h e c o m p u t e r a n d t h e go ld 
s t a n d a r d a t t r i b u t e l i s t w a s 7 . 2 9 9 w h i l e t h e m e a n of t h e d i s t a n c e s b e t w e e n 
t h e c o m p u t e r s a t t r i b u t e l i s t u s i n g t h e r e s i d e n t d a t a a n d t h e go ld s t a n d a r d 
a t t r i b u t e l i s t w a s 6 . 6 3 7 (p < 0 . 0 1 ) . T h e n u m b e r of a t t r i b u t e s t h a t d o n o t 
m a t c h b e t w e e n t h e r e s i d e n t s ' a t t r i b u t e l i s t w i t h o u t u s i n g t h e c o m p u t e r a n d 
t h e go ld s t a n d a r d a t t r i b u t e l i s t w a s 6 . 4 0 2 w h i l e t h e n u m b e r s of a t t r i b u t e s 
t h a t d o n o t m a t c h b e t w e e n t h e c o m p u t e r s l i s t w i t h t h e r e s i d e n t d a t a a n d t h e 
gold s t a n d a r d l i s t w a s 5 . 2 4 8 (p < 0 . 0 1 ) . T a b l e 5 d i s p l a y s t h e v a r i a t i o n of t h e 
d i s t a n c e b y r e s i d e n c y l e v e l . T a b l e 6 d i s p l a y s v a r i a t i o n of t h e n u m b e r of 
i t e m s t h a t d o n o t m a t c h b y r e s i d e n c y l e v e l s . 
T h e m e a n s of t h e d i s t a n c e s w i t h o u t a n d w i t h t h e c o m p u t e r i n t h e f i r s t 
y e a r of r e s i d e n c y a r e s i g n i f i c a n t l y d i f f e r e n t (p < 0 . 0 1 ) . T h e m e a n s of t h e 
n u m b e r of i t e m s t h a t d o n o t m a t c h w i t h o u t a n d w i t h t h e c o m p u t e r in t h e 
f i r s t y e a r of r e s i d e n c y a r e a l s o s i g n i f i c a n t l y d i f f e r e n t {p < 0 . 0 1 ) . T h e s a m e 
a p p l i e s t o t h e s e c o n d y e a r of r e s i d e n c y . T h e m e a n s of t h e d i s t a n c e s a n d t h e 
m e a n s of t h e n u m b e r of i t e m s t h a t d o n o t m a t c h w i t h o u t a n d w i t h t h e 
c o m p u t e r r e s p e c t i v e l y i n t h e t h i r d y e a r of r e s i d e n c y a r e n o t s i g n i f i c a n t l y 
d i f f e r e n t (p > 0 . 0 1 ) . 
F i g u r e 6 is a h i s t o g r a m of t h e v a r i a t i o n of t h e d i s t a n c e s b y r e s i d e n c y 
l e v e l s . F i g u r e 7 is a h i s t o g r a m t h a t d i s p l a y s t h e v a r i a t i o n i n t h e n u m b e r of 
a t t r i b u t e s t h a t d o n o t m a t c h b y r e s i d e n c y l e v e l . I n t h e s e f i g u r e s e a c h 
r e s i d e n c y l e v e l is r e p r e s e n t e d b y 4 b a r s . T h e lef t o n e r e p r e s e n t s t h e m e a n of 
t h e d i s t a n c e o r t h e m e a n of t h e n u m b e r of a t t r i b u t e s t h a t d o n o t m a t c h 
( d i s t a n c e in F i g u r e 6 a n d n u m b e r of a t t r i b u t e s i n F i g u r e 7 ) b e t w e e n t h e 
r a d i o l o g i s t s ' a t t r i b u t e l i s t a n d t h e c o n s e n s u s a t t r i b u t e l i s t w h i c h is t h e go ld 
s t a n d a r d l i s t . T h e s e v a l u e s a r e c l e a r l y d i f f e r e n t f r o m t h e g l o b a l 
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T a b l e 5. V a r i a t i o n of D i s t a n c e b y L e v e l of R e s i d e n c y 
R e s i d e n c y l e v e l R e s i d e n t s d i s t a n c e C o m p u t e r s d i s t a n c e 
PL - 1 8 . 1 2 8 6 . 5 5 1 
PL - 2 7 . 5 0 0 6 . 4 6 2 
s 
! P L - 3 6 . 2 6 9 6 . 8 9 7 
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T a b l e 6. V a r i a t i o n of N u m b e r of A t t r i b u t e s t h a t d o n o t 
M a t c h b y L e v e l of R e s i d e n c y 
R e s i d e n c y l e v e l R e s i d e n t s n u m b e r C o m p u t e r s n u m b e r 
PL - 1 7 . 1 2 8 5 . 2 8 2 
| PL - 2 6 . 5 7 7 5 . 0 7 7 
P L - 3 5 . 5 0 0 5 . 3 8 5 
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F i g u r e 6. V a r i a t i o n of D i s t a n c e b y t h e L e v e l of R e s i d e n c y W i t h o u t a n d W i t h 
t h e C o m p u t e r . T h e T h r e e L e v e l s a r e C o m p a r e d t o 











radiologists without computer 
res idents without computer 
residents with computer 
radiologists with computer 
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S residents without computer 
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F i g u r e 7 . V a r i a t i o n of t h e N u m b e r of A t t r i b u t e s t h a t d o n o t M a t c h 
b y t h e L e v e l of R e s i d e n c y W i t h o u t a n d W i t h t h e C o m p u t e r . 
T h e T h r e e L e v e l s a r e C o m p a r e d t o t h e 
R a d i o l o g i s t s ' P e r f o r m a n c e . 
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c o r r e s p o n d i n g v a l u e s of t h e r e s i d e n t s . ( T h e d i s t a n c e of t h e r a d i o l o g i s t 
w i t h o u t c o m p u t e r is 3 . 0 8 6 a n d t h e n u m b e r of a t t r i b u t e s t h a t d o n o t m a t c h 
b e t w e e n t h e r a d i o l o g i s t s a t t r i b u t e l i s t a n d t h e c o n s e n s u s is 2 . 9 9 9 . ) T h e r i g h t 
b a r in t h e t w o f i g u r e s r e p r e s e n t s t h e m e a n of t h e d i s t a n c e or t h e m e a n of 
t h e n u m b e r of a t t r i b u t e s t h a t d o n o t m a t c h of t h e c o m p u t e r s a t t r i b u t e l i s t 
u s i n g t h e r a d i o l o g i s t s f i n d i n g s t o t h e go ld s t a n d a r d l is t . T h e d i s t a n c e w a s 
6 . 8 6 0 a n d it is n o t s i g n i f i c a n t l y d i f f e r e n t f r o m t h e g l o b a l d i s t a n c e of t h e 
r e s i d e n t s (P > 0 . 0 1 ) . T h e n u m b e r of a t t r i b u t e s t h a t d o n o t m a t c h w a s 5 . 3 9 9 . 
Also , i t i s n o t s i g n i f i c a n t l y d i f f e r e n t f r o m t h e m e a n of t h e n u m b e r of 
a t t r i b u t e s t h a t d o n o t m a t c h of t h e g l o b a l r e s i d e n t s (P > 0 . 0 1 ) . 
D i s c u s s i o n 
V a l i d a t i o n of t h e r a d i o l o g i c a l f r a m e s w a s p e r f o r m e d b y c o m p a r i n g t h e 
a g r e e m e n t m e a s u r e b e t w e e n e a c h r a d i o l o g i s t ' s a t t r i b u t e l i s t w i t h o u t t h e 
c o m p u t e r a n d t h e c o m p u t e r ' s a t t r i b u t e l i s t u s i n g t h a t r a d i o l o g i s t s f i n d i n g s t o 
t h e a g r e e m e n t a m o n g t h e r a d i o l o g i s t s t h e m s e l v e s w i t h o u t t h e c o m p u t e r . 
A l t h o u g h K a p p a o b t a i n e d w h e n t h e c o m p u t e r w a s u s e d is s l i g h t l y l o w e r t h a n 
K a p p a of t h e r a d i o l o g i s t s a m o n g t h e m s e l v e s , s t a t i s t i c a l l y it w a s s h o w n t h a t 
t h e t w o m e a n s a r e n o t s i g n i f i c a n t l y d i f f e r e n t . T h i s s ign i f i e s t h a t t h e 
r a d i o l o g i c a l f r a m e s p e r f o r m t h e d e c i s i o n s a b o u t a s w e l l a s t h e r a d i o l o g i s t s . 
A m e a s u r e of d i s t a n c e b e t w e e n t w o a t t r i b u t e l i s t s w a s d e f i n e d . I t w a s 
s h o w n t h a t t h e m e a n d i s t a n c e of a t t r i b u t e l i s t s of f i r s t y e a r r e s i d e n t s , 
o b t a i n e d w i t h o u t u s i n g t h e c o m p u t e r , t o t h e c o n s e n s u s a t t r i b u t e l i s t of a l l 
f i ve r a d i o l o g i s t s w a s s i g n i f i c a n t l y h i g h e r t h a n t h e d i s t a n c e of t h e l i s t 
o b t a i n e d b y t h e c o m p u t e r u s i n g t h e i r f i n d i n g s . T h e s a m e r e s u l t s w e r e 
o b t a i n e d fo r t h e s e c o n d y e a r r e s i d e n t s . T h e s a m e a p p l i e s t o t h e n u m b e r of 
a t t r i b u t e s t h a t d o n o t m a t c h . T h e s e w e r e s i g n i f i c a n t l y l o w e r w h e n t h e f i r s t 
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a n d s e c o n d y e a r r e s i d e n t s u s e d t h e c o m p u t e r . T h e d i s t a n c e a n d t h e n u m b e r 
of a t t r i b u t e s t h a t d o n o t m a t c h w e r e s t a t i s t i c a l l y t h e s a m e for t h e t h i r d y e a r 
r e s i d e n t s . T h e s e r e s u l t s s u g g e s t t h a t t h e c o m p u t e r c a n h e l p n o v i c e s t o r e a c h 
a b e t t e r d i a g n o s i s , b u t is n o t y e t h e l p f u l for m o r e e x p e r t p h y s i c i a n s . I t 
s u g g e s t s t h a t t h e c o m p u t e r m a y b e u s e d as a n e d u c a t i o n a l tool . If i t is u s e d 
as a n a id too l i n r e a l c l in ica l s e t t i n g s , t h e l e s s e x p e r i e n c e d p h y s i c i a n s m a y 
b e n e f i t m o r e f r o m i t s u s a g e . 
T h e f i n d i n g s w e r e a n a l y z e d t o o b s e r v e t h e r e l a t i o n s h i p b e t w e e n t h e 
d i s t a n c e a n d t h e f i n d i n g s . T h e c o n s e n s u s of t h e f i n d i n g s a m o n g t h e f i v e 
r a d i o l o g i s t s w a s d e t e r m i n e d i n t h e s a m e w a y t h a t t h e c o n s e n s u s of t h e 
a t t r i b u t e s for e a c h p r o b l e m w a s d e t e r m i n e d . T h e n u m b e r of m i s m a t c h e s 
b e t w e e n e a c h r a d i o l o g i s t s f i n d i n g l i s t a n d t h e c o n s e n s u s f i n d i n g l is t w a s 
c o u n t e d . T h e m e a n of t h e n u m b e r of m i s m a t c h e s b e t w e e n t h e r a d i o l o g i s t s ' 
f i n d i n g l i s t a n d t h e c o n s e n s u s f i n d i n g l i s t w a s 0 . 1 5 1 9 . T h e m e a n s for t h e 
f i rs t , s e c o n d a n d t h i r d y e a r of t h e r e s i d e n t s w e r e 0 . 3 2 9 0 , 0 . 2 4 9 2 a n d 0 . 2 2 3 3 
r e s p e c t i v e l y . T h e d i s t a n c e of t h e c o m p u t e r a t t r i b u t e l i s t u s i n g t h e 
r a d i o l o g i s t s ' f i n d i n g s is s t a t i s t i c a l l y t h e s a m e a s t h e d i s t a n c e of t h e g l o b a l 
c o m p u t e r a t t r i b u t e l i s t u s i n g t h e r e s i d e n t s ' f i n d i n g s . T h i s m e a n s t h a t t h e 
d i s t a n c e s of t h e a t t r i b u t e l i s t s t h a t w e r e o b t a i n e d w h e n t h e c o m p u t e r w a s 
u s e d a r e u n r e l a t e d t o t h e f i n d i n g s , b u t m a i n l y i t is d u e t o t h e a l g o r i t h m . T h e 
k n o w l e d g e b a s e h a s u n d e r g o n e t w o i t e r a t i o n s . I t s e e m s t h a t f u r t h e r 
i m p r o v e m e n t i n t h e r u l e s of t h e k n o w l e d g e b a s e w i l l d e c r e a s e t h e d i s t a n c e s 
of t h e c o m p u t e r a t t r i b u t e l i s t s f r o m t h e c o n s e n s u s a t t r i b u t e l is t . 
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CHAPTER V 
EVALUATION OF NEONATE AS A POTENTIAL PROMPTING 
DEVICE FOR MEDICAL FINDINGS AND PROBLEMS 
G e n e r a l R e m a r k s 
A s u r v e y t o d e t e r m i n e if p h y s i c i a n s n e e d t o b e p r o m p t e d w a s 
c o n d u c t e d . A s y s t e m t h a t is d e s i g n e d t o b e a n e x t e n s i o n of t h e p h y s i c i a n s 
m e m o r y m u s t h a v e p r o m p t i n g c a p a b i l i t i e s . T h e s t u d y d e s c r i b e s h o w w e l l 
t h e p h y s i c i a n s p e r f o r m w i t h a p r o m p t i n g m e c h a n i s m . I t d e s c r i b e s t h e e f fec t 
of p r o m p t i n g o n t h e c a p t u r e of x - r a y f i n d i n g s a n d t h e e f fec t o n t h e 
p h y s i c i a n d i a g n o s i s l is t . T h i s s u r v e y p r o v e s t h e h y p o t h e s i s t h a t t h e 
NEONATE is a p o t e n t i a l l y e f f e c t i v e p r o m p t i n g d e v i c e . 
M e t h o d s 
A s s e s s m e n t of NEONATE as a p o t e n t i a l p r o m p t i n g d e v i c e w a s 
a c c o m p l i s h e d , u s i n g a p a p e r b a s e d s i m u l a t i o n of t h e N e o n a t e s y s t e m . 
T w e n t y - e i g h t p e d i a t r i c r e s i d e n t s (six f i r s t y e a r r e s i d e n t s , 12 s e c o n d y e a r 
r e s i d e n t s a n d 10 t h i r d y e a r r e s i d e n t s ) w e r e a s k e d t o r e a d t h e 13 c h e s t x -
r a y f i l m s a n d t o w r i t e o n a b l a n k s h e e t of p a p e r t h e f i n d i n g s w h i c h t h e y 
d e t e c t e d a n d a d i f f e r e n t i a l d i a g n o s i s for e a c h f i lm. S u b s e q u e n t l y , t h e y w e r e 
g i v e n a q u e s t i o n n a i r e s i m u l a t i n g t h e d a t a e n t r y s c r e e n s . T h e y w e r e a s k e d t o 
s e l ec t t h e t r u e f i n d i n g s a n d g i v e a n a t t r i b u t e t o e a c h of t h e s e v e n t e e n 
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c a p t u r e d o n t h e q u e s t i o n n a i r e w e r e c o u n t e d . T h e s a m e a p p r o a c h w a s u s e d 
l o r t h e p r o b l e m s . A p r o b l e m w a s c o n s i d e r e d as e x i s t e n t if t h e r e s i d e n t 
m e n t i o n e d i t o n t h e b l a n k s h e e t or l i s t ed i t a s poss ib le , ' ' " s u s p e c t e d , 1 ' " h i g h l y 
s u s p e c t e d " o r c o n f i r m e d " o n t h e q u e s t i o n n a i r e . 
T h e d i f f e r e n c e b e t w e e n t h e n u m b e r of t r u e p o s i t i v e f i n d i n g s w i t h o u t 
b e i n g p r o m p t e d a n d t h e n u m b e r of t r u e p o s i t i v e f i n d i n g s w i t h a p r o m p t i n g 
m e c h a n i s m s e r v e d as t h e m e a s u r e of h e l p b y p r o m p t i n g A l s o t h e d i f f e r e n c e 
in t h e n u m b e r of t r u e p o s i t i v e p r o b l e m s w i t h a n d w i t h o u t p r o m p t i n g w a s 
e v a l u a t e d . 
A f i n d i n g w a s c o n s i d e r e d t o b e t h e go ld s t a n d a r d , if a t l e a s t t h r e e of 
t h e r a d i o l o g i s t s a g r e e d o n t h e e x i s t e n c e of t h e f i n d i n g . I n o n e c a s e w h e r e 
t h i s d e f i n i t i o n d i d n o t p r o v i d e a go ld s t a n d a r d , t h e r a d i o l o g i s t s ' c h o i c e s w e r e 
a r r a n g e d i n h i e r a r c h i c a l o r d e r a n d t h e m e d i a n c h o i c e of t h e f i v e r a d i o l o g i s t s 
w a s s e l e c t e d . T h i s c a s e w a s t h e f i n d i n g t h a t d e s c r i b e s t h e e x p a n s i o n of t h e 
l u n g s w h e r e t h e r a d i o l o g i s t s h a d t o c h o o s e o n e o u t of f i v e o p t i o n s : 
h y p o e x p a n d e d , focal ; h y p o e x p a n d e d , d i f fuse ; n o r m a l ; h y p e r e x p a n d e d , focal ; 
a n d h y p e r e x p a n d e d , d i f fuse . T w o r a d i o l o g i s t s c o n c l u d e d t h i s f i n d i n g a s 
h y p o e x p a n d e d , o n e c o n c l u d e d it a s n o r m a l , a n d t w o c o n c l u d e d it a s 
h y p e r e x p a n d e d . I t w a s d e c i d e d t h a t t h e " t r u t h " for t h i s p a r t i c u l a r c a s e 
w o u l d b e t h e n o r m a l . L i k e w i s e , a p r o b l e m w a s c o n s i d e r e d a s a t r u e p o s i t i v e 
p r o b l e m if a t l e a s t t h r e e of t h e f i ve r a d i o l o g i s t s g a v e t o t h a t p r o b l e m a n 
a t t r i b u t e of p o s s i b l e , s u s p e c t e d , h i g h l y s u s p e c t e d o r c o n f i r m e d . 
" F i n d i n g s t r u e p o s i t i v e r a t i o " a n d " P r o b l e m s t r u e p o s i t i v e r a t i o " w e r e 
d e f i n e d a s t h e n u m b e r of t r u e p o s i t i v e f i n d i n g s o r p r o b l e m s o v e r t h e t o t a l 
n u m b e r of f i n d i n g s o r p r o b l e m s r e s p e c t i v e l y . T h e F i n d i n g s t r u e p o s i t i v e 
r a t i o ' a n d t h e P r o b l e m s t r u e p o s i t i v e r a t i o " w e r e m e a s u r e d for e a c h 
r e s i d e n t o n e a c h f i lm. 
 
captured on the questionnaire were counted. The same approach was used 
for the proble s. A proble  was considered as existent if the resident 
entioned it on the blank sheet or listed it as 'possible," "suspected," "highly 
suspected" or "confir ed" on the questionnaire. 
The difference between the nu ber of true positive findings without 
being pro pted and the nu ber of true positive findings with a pro pting 
echanis  served as the easure of help by pro pting lso the difference 
in the nu ber of true positive proble s ith and ithout pro pting as 
evaluated. 
A finding was considered to be the gold standard, if at least three of 
the radiologists agreed on the existence of the finding. In one case where 
this definition did not provide a gold standard, the radiologists' choices were 
arranged in hierarchical order and the edian choice of the five radiologists 
as selected. This case as the finding that describes the expansion of the 
lungs here the radiologists had to choose one out of five options: 
hypoexpanded, focal; hypoexpanded, diffuse; nor al; hyperexpanded, focal; 
and hyperexpanded, diffuse. o radiologists concluded this finding as 
hypoexpanded, one 'concluded it as nor al, and t o concluded it as 
hyperexpanded. It as decided that the "truth" for this particular case 
l  e t e r al. i e ise, a r le  as c si ere  as a tr e siti e 
r le  if at least t ree f t e fi e ra i l ists a e t  t at r le  a  
attri te f ssi le, s s ecte , i l  s s ecte  r confir e . 
" i i s tr  siti  r ti "  " r l s tr  siti  r ti " r  
fi  s t  er f tr  siti  fi i s r r l s r t  t t l 
er  i i   l  ti l .  " i i  t  iti  
r ti '  t  " r l  tr  iti  r ti  r  r  f r  
t   fil . 
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R e s u l t s 
C o u n t i n g t h e n u m b e r of f i n d i n g s t h a t t h e p e d i a t r i c r e s i d e n t s i d e n t i f i e d 
w i t h o u t b e i n g p r o m p t e d r e s u l t e d in a m e a n of 2 . 8 3 ; w i t h a p r o m p t i n g 
m e c h a n i s m ( t h e q u e s t i o n n a i r e ) i t w a s 4 . 6 0 4 (/?< 0 . 0 1 ) . T a b l e 7 a n d F i g u r e 8 
d i s p l a y t h e m e a n s of t h e n u m b e r of f i n d i n g s b y l e v e l of r e s i d e n c y . T a b l e 8 
a n d F i g u r e 9 d i s p l a y t h e m e a n s of t h e n u m b e r of f i n d i n g s b y c h e s t x - r a y s 
f i lm w h i c h a r e s i g n i f i c a n t l y d i f f e r e n t ip < 0 . 0 1 ) . T h e m e a n n u m b e r of 
f i n d i n g s d i d n o t d i f fe r s i g n i f i c a n t l y b y l e v e l of r e s i d e n c y {p > 0 . 0 5 ) b u t d id 
d i f fer s i g n i f i c a n t l y b y c h e s t x - r a y f i lm (p < 0 . 0 1 ) . 
T h e m e a n of t h e n u m b e r of t h e t r u e p o s i t i v e f i n d i n g s w i t h o u t b e i n g 
p r o m p t e d w a s 1.585 w h i l e t h e m e a n w i t h p r o m p t i n g w a s 2 . 4 1 2 ( p< 0 . 0 1 ) . 
T h e s e m e a n s w e r e n o t s t a t i s t i c a l l y d i f f e r e n t w h e n t h e y w e r e c o m p a r e d b y 
l e v e l of r e s i d e n c y b u t w e r e s t a t i s t i c a l l y d i f f e r e n t w h e n t h e y w e r e c o m p a r e d 
b y c h e s t x - r a y f i lm. T h e m e a n of t h e " F i n d i n g s t r u e p o s i t i v e r a t i o " w i t h o u t 
p r o m p t i n g w a s 0 . 5 3 7 w h i l e t h e m e a n of t h e " F i n d i n g s t r u e p o s i t i v e r a t i o " 
w i t h p r o m p t i n g w a s 0 . 4 8 3 ( p < 0 . 0 1 ) . 
C o u n t i n g t h e n u m b e r of t h e p r o b l e m s t h a t t h e p e d i a t r i c r e s i d e n t s 
i d e n t i f i e d w i t h o u t b e i n g p r o m p t e d r e s u l t e d i n a m e a n of 1.81 w h i l e t h e 
m e a n of t h e n u m b e r of p r o b l e m s w i t h a p r o m p t i n g m e c h a n i s m w a s 4 . 8 8 7 ( p 
< 0 . 0 1 ) . T a b l e 9 a n d F i g u r e 10 d i s p l a y t h e m e a n s of t h e n u m b e r of p r o b l e m s 
b y l e v e l of r e s i d e n c y ( p > 0 . 0 5 ) . T a b l e 10 a n d F i g u r e 11 d i s p l a y t h e m e a n s 
of t h e n u m b e r of p r o b l e m s b y c h e s t x - r a y f i lm w h i c h a r e s i g n i f i c a n t l y 
d i f f e r e n t ( p < 0 . 0 1 ) . 
T h e m e a n of t h e n u m b e r of t h e t r u e p o s i t i v e p r o b l e m s w i t h o u t b e i n g 
p r o m p t e d w a s 1.178 w h i l e t h e m e a n w i t h p r o m p t i n g w a s 2 . 3 5 9 ( p < 0 . 0 1 ) . 
T h e s e m e a n s w e r e n o t s t a t i s t i c a l l y d i f f e r e n t w h e n t h e y w e r e c o m p a r e d b y 
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T a b l e 7 
M e a n s of N u m b e r of F i n d i n g s I d e n t i f i e d 
b y L e v e l of R e s i d e n c y 
L e v e l of r e s i d e n c y w i t h o u t p r o m p t i n g w i t h p r o m p t i n g 
PL - 1 2 . 9 0 0 4 . 7 8 5 
PL - 2 2 . 8 7 8 4 . 6 1 5 
PL - 3 2 . 8 3 8 4 . 2 8 2 
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F i g u r e 8. M e a n of N u m b e r of F i n d i n g s I d e n t i f i e d 
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T a b l e 8 
M e a n s of N u m b e r of F i n d i n g s I d e n t i f i e d 
b y C h e s t X - r a y F i lm 
C h e s t x - r a v f i lm w i t h o u t p r o m p t i n g w i t h p r o m p t i n g 
F i lm 1 3 . 8 2 1 6 . 5 7 1 ! 
F i lm 2 2 . 1 0 7 2 . 3 2 1 
F i lm 3 2 . 8 5 7 4 . 8 9 3 
F i lm 4 2 . 5 3 6 3 . 1 4 3 
F i lm 5 2 . 7 5 0 4 . 7 5 0 
F i lm 6 2 . 3 2 1 3 . 7 5 0 
F i lm 7 4 . 8 5 7 7 . 4 6 4 
F i lm 8 1.964 3 . 3 2 1 
F i lm 9 3 . 7 8 6 6 . 0 7 1 
F i lm 10 3 . 3 5 7 6 . 2 1 4 
F i lm 11 3 . 8 5 7 7 . 6 4 3 
F i lm 12 1.107 0 . 9 6 4 
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Chest x - r a y film number 
F i g u r e 9 . M e a n of t h e N u m b e r of F i n d i n g s 
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T a b l e 9 
M e a n s of N u m b e r of P r o b l e m s I d e n t i f i e d 
b y R e s i d e n c y L e v e l 
L e v e l of r e s i d e n c y w i t h o u t p r o m p t i n g w i t h p r o m p t i n g 
P L - 1 1.662 5 . 0 8 5 
P L - 2 1.846 5 . 0 2 6 
P L - 3 1 1 .987 4 . 2 8 2 
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F i g u r e 10 . M e a n of t h e N u m b e r of P r o b l e m s I d e n t i f i e d 
b y L e v e l of R e s i d e n c y 
6 • without pro pting 


















ig re 10. n of the of roble Identified 
by e l of Residency 
74 
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T a b l e 10 
M e a n s of N u m b e r of P r o b l e m s I d e n t i f i e d 
b y C h e s t X - r a y F i lm 
C h e s t x - r a y f i lm w i t h o u t p r o m p t i n g w i t h p r o m p t i n g 
F i lm 1 2 . 5 0 0 6 . 6 0 7 
F i lm 2 2 . 0 3 6 3 . 8 2 1 
F i lm 3 1.286 4 . 5 7 1 
F i lm 4 2 . 3 9 3 5 . 1 7 9 
F i lm 5 1.500 4 . 2 1 4 
F i lm 6 2 . 2 8 6 5 . 6 4 3 
F i lm 7 2 . 1 4 3 5 . 5 3 6 
F i lm 8 1.179 4 . 2 1 4 
F i lm 9 2 . 1 0 7 5 . 5 0 0 
F i lm 10 1.786 7 . 0 7 1 
F i lm 11 1.429 4 . 6 4 3 
F i lm 12 0 . 9 2 9 1 .607 
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ches t x - r a y film number 
F i g u r e 1 1 . M e a n of t h e N u m b e r of P r o b l e m s 
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l e v e l of r e s i d e n c y b u t w e r e s t a t i s t i c a l l y d i f f e r e n t w h e n t h e y w e r e c o m p a r e d 
b y c h e s t x - r a y f i lm. T h e m e a n of t h e P r o b l e m s t r u e p o s i t i v e r a t i o ' w i t h o u t 
p r o m p t i n g w a s 0 . 6 4 4 w h i l e t h e m e a n of t h e P r o b l e m s t r u e p o s i t i v e r a t i o ' ' 
w i t h p r o m p t i n g w a s 0 . 5 1 5 ( p < 0 . 0 1 ) . 
D i scuss ion 
T h i s s t u d y p r o v e s t h e p o t e n t i a l e f f e c t i v e n e s s of NEONATE as a 
p r o m p t i n g d e v i c e . I t w a s a s s e r t e d 11] t h a t p h y s i c i a n s c a n n e v e r r e m e m b e r 
e n o u g h , t h e y c a n n e v e r r e t r i e v e f r o m m e m o r y a c c u r a t e l y a n d q u i c k l y 
e n o u g h t o c o v e r all p o s s i b i l i t i e s , so t h e y d i s t o r t t h e o r i g i n a l p r o b l e m s o r lose 
s i g h t of t h e m a l t o g e t h e r . T h e c o m p u t e r is s e e n a s a n e x t e n s i o n of t h e 
p h y s i c i a n s m e m o r y m u c h a s a u t o m o b i l e is a n e x t e n s i o n of o n e s m u s c l e s . 
T h i s w a s c o n c l u d e d o n t h e n u m b e r of f i n d i n g s a n d p r o b l e m s t h a t w e r e 
c o l l e c t e d w i t h a n d w i t h o u t a p r o m p t i n g m e c h a n i s m . T h e n u m b e r of t r u e 
p o s i t i v e f i n d i n g s a n d t h e n u m b e r of t r u e p o s i t i v e p r o b l e m s a r e i n c r e a s e d 
w i t h p r o m p t i n g , b u t t h e r a t e of "Findings t r u e p o s i t i v e r a t i o ' ' a s w e l l t h e r a t e 
of " P r o b l e m s t r u e p o s i t i v e rat io" ' h a s a t e n d e n c y t o d e c r e a s e . 
 
level of residency but were statistically different when they were compared 
by chest x-ray film. The mean of the "Problems true positive ratio" without 
prompting was 0.644 while the mean of the "Problems true positive ratio" 
with prompting was 0.515 ( p ( 0.01 ). 
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CHAPTER VI 
CONCLUSIONS REGARDING NEONATE'S POTENTIAL 
AS A PRACTICAL SYSTEM 
A p r o t o t y p e of a n e x p e r t s y s t e m t h a t is e m b e d d e d i n s i d e a H o s p i t a l 
I n f o r m a t i o n S y s t e m h a s b e e n d e v e l o p e d . T h i s s y s t e m h a s t h r e e a d v a n t a g e s 
o v e r o ld m e t h o d s of e x p e r t s y s t e m s : 
1. T h i s s y s t e m is n o t a s t a n d a l o n e s y s t e m as m a n y o t h e r s , b u t is a n 
i n t e g r a l p a r t of t h e H o s p i t a l I n f o r m a t i o n S y s t e m . T h i s p e r m i t s d i r e c t 
a c c e s s t o all d a t a t h a t e x i s t i n t h e c o m p u t e r i z e d m e d i c a l r e c o r d a n d 
e l i m i n a t e s u n n e c e s s a r y m a n u a l d a t a e n t r y t h a t is s o m e t i m e s n e e d e d i n 
s t a n d a l o n e e x p e r t s y s t e m s i n o r d e r t o g i v e t h e s e s y s t e m s t h e a b i l i t y t o 
m a k e d e c i s i o n s . 
2 . T h e s y s t e m p r o v i d e s a l e r t i n g a n d p r o m p t i n g c a p a b i l i t i e s . 
3 . I t h a s al l t h e f e a t u r e s of a n e x p e r t s y s t e m a n d a H o s p i t a l I n f o r m a t i o n 
S y s t e m . I t h a s t h e a b i l i t y t o a c q u i r e d a t a , g e n e r a t e r e p o r t s a n d m a k e 
d e c i s i o n s . 
T h e k n o w l e d g e b a s e is d e s i g n e d i n a v e r y s i m p l e w a y . I t is d e s i g n e d 
u s i n g a r u l e b a s e d m e c h a n i s m w i t h o u t r e l y i n g o n n u m e r i c a l p r o b a b i l i t i e s . 
T h e k n o w l e d g e b a s e w a s o r g a n i z e d in t h i s w a y t o a c c o m m o d a t e t h e 
p h y s i c i a n s t h a t c o o p e r a t e d d u r i n g t h i s d e v e l o p m e n t . T h e s e p h y s i c i a n s w e r e 
r e l u c t a n t t o u s e t h e B a y e s e a n a p p r o a c h e s c o m m o n t o t h e HELP s y s t e m . To 
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o v e r c o m e t h i s p r o b l e m a n d to b e a b l e t o d e a l w i t h u n c e r t a i n t y , p r o b a b i l i t i e s 
w e r e u s e d in a t e x t u a l f o r m r a t h e r t h a n n u m e r i c a l . T h e m o d u l a r w a y t h a t 
t h e k n o w l e d g e b a s e a n d all o t h e r c o m p o n e n t s a r e c o n s t r u c t e d p e r m i t s e a s y 
m o d i f i c a t i o n s a n d e x p a n s i o n s w i t h n o n e e d t o m o d i f y t h e c o r e p r o g r a m . 
T h e k n o w l e d g e b a s e w a s d e s i g n e d o n l y t o a id t h e p h y s i c i a n in 
p u r s u i n g t h e c o r r e c t d i a g n o s i s . T h e l i t e r a t u r e i n d i c a t e s t h a t r e p l a c i n g t h e 
p h y s i c i a n s d i a g n o s t i c a b i l i t i e s w i t h a c o m p u t e r is n o t f e a s i b l e w i t h 
c o n v e n t i o n a l h a r d w a r e a n d s o f t w a r e . M e d i c i n e is a n a r t , w i t h n o c l e a r 
c r i t e r i a for t h e d i a g n o s t i c p r o c e s s , a n d c a n n o t b e d u p l i c a t e d b y c o m p u t e r s . 
C o m p u t e r s c a n h e l p p h y s i c i a n s o n l y w i t h t h e i r h u m a n f r a i l t i e s s u c h a s a 
s h o r t a g e of m e m o r y . So, t h e g o a l of t h e e x p e r t p a r t of t h e s y s t e m h a s b e e n t o 
s e r v e o n l y in a l e r t i n g a n d r e m i n d i n g . A l t h o u g h t h e r e s u l t s t h a t w e r e 
o b t a i n e d a r e e n c o u r a g i n g , a n e x p e r t s y s t e m c a n n o t b e u s e d a s a s u b s t i t u t e 
for t h e d i a g n o s t i c p r o c e s s of p h y s i c i a n s . T h e r e a l v a l u e of i t is in r e m i n d i n g . 
T h i s is w h y t h e d e c i s i o n s h a v e t o b e r e v i e w e d b y t h e h e a l t h c a r e p r o v i d e r s 
( p h y s i c i a n s or n u r s e s ) w h o m u s t e d i t t h e p r o b l e m l is t a t r e g u l a r i n t e r v a l s . 
I t w a s h y p o t h e s i z e d t h a t NEONATE'S c o m p u t e r i n f e r e n c e p r o c e s s 
w o u l d o c c a s i o n a l l y p ick u p p r o b l e m s t h a t a r e m i s s e d o n t h e c u r r e n t , 
p h y s i c i a n c o m p o s e d p r o b l e m l i s t (CETUS a d m i s s i o n s u m m a r y ) . T h e r e s u l t s 
w o u l d b e a n a d m i s s i o n p r o b l e m l is t t h a t l a c k e d n o n e of w h a t is c u r r e n t l y 
t h e r e w h i l e a d d i n g p r o b l e m s s o m e t i m e o v e r l o o k e d ( a s s u m i n g of c o u r s e , t h a t 
t h e p h y s i c i a n s w o u l d e d i t t h e p r o b l e m list , w o u l d a d d t h e i r p r o b l e m t o it, 
a n d w o u l d n o t d e l e t e v a l i d p r o b l e m s p o s t e d b y t h e i n f e r e n c e e n g i n e ) . W h i l e 
it w a s h y p o t h e s i z e d t h a t NEONATE'S c o m p u t e r g e n e r a t e d p r o b l e m l is t w o u l d 
h a v e m o r e t r u e p o s i t i v e s t h a n t h e c u r r e n t p r o b l e m list (CETUS), it w a s 
e x p e c t e d t h a t t h i s h y p o t h e s i s w o u l d b e r e j e c t e d . T h e r e a l s u r p r i s e in t h i s 
s t u d y h a s b e e n t h a t i n t h e 3 0 p a t i e n t c h a r t s c o n s i d e r e d , NEONATE'S i n f e r e n c e 
 
           pr
        L  l   t
     t    i  ea
ifi t        i    progra .
          I
        t
'      t r   t
t l   . i      l
     t    c .
t           
       t      t
          
    t  t    su tit t
            re i i .
            pro i
    t       i t r .
    's t r  r
 l          c rr ,
    i    res lt
   i        t curr l
 i        t
           it,
           L 
   's t r    
      t     
   i         t i
       t  , 's inferen  
} 
8 0 
e n g i n e h a s f o u n d a t o t a l of 3 1 p r o b l e m s m i s s e d b y t h e p h y s i c i a n s ( a b s e n t 
f r o m t h e p h y s i c i a n a d m i s s i o n p r o b l e m l is t ) w h e r e a s t h e p h y s i c i a n s h a v e 
o n l y f o u n d 5 p r o b l e m s m i s s e d b y NEONATE'S i n f e r e n c e e n g i n e ! W h i l e t h e 
a u t h o r c l a i m s a c l e a r v i c t o r y for NEONATE o v e r t h e p h y s i c i a n m p r o d u c i n g 
a n a d m i s s i o n p r o b l e m list , h e d o e s n o t c o n c l u d e t h a t c o m p u t e r s a r e b e t t e r a t 
d i a g n o s i s t h a n p h y s i c i a n s . T h e r e s u l t s a r e m o r e l i k e l y t o b e e x p l a i n e d b y t h e 
d i f f i cu l ty i n c o n s c i e n t i o u s l y c o m p l e t i n g d o c u m e n t a t i o n i n t h e b u s y w o r l d of 
c l in ica l m e d i c i n e . I n a n y c a s e t h e r e is a p o w e r f u l a r g u m e n t t o b e m a d e fo r 
a n e x p e r t s y s t e m b e i n g e m b e d d e d in a H o s p i t a l I n f o r m a t i o n S y s t e m . 
I t w a s h y p o t h e s i z e d t h a t NEONATE'S r a d i o l o g i c a l f r a m e s cou ld h e l p 
p h y s i c i a n s n o t t r a i n e d a s r a d i o l o g i s t s t o i n t e r p r e t x - r a y f i lms . W h i l e t h i s 
h y p o t h e s i s h a s b e e n a f f i r m e d in t h e c a s e of f i r s t a n d s e c o n d y e a r r e s i d e n t s , 
i t w a s r e j e c t e d fo r t h i r d y e a r r e s i d e n t s . T h e d a t a fo r r a d i o l o g i s t s w i t h a n d 
w i t h o u t t h e c o m p u t e r s h o w c o n s i d e r a b l e r o o m for i m p r o v e m e n t of t h e 
c o m p u t e r a l g o r i t h m . I t r e m a i n s a n o p e n q u e s t i o n a s t o w h e t h e r o r n o t 
a d d i t i o n a l e f fo r t o n t h e c o m p u t e r a l g o r i t h m w o u l d m a k e e n o u g h d i f f e r e n c e 
for t h e m t o b e u s e f u l t o a n e o n a t o l o g i s t . 
I t w a s h y p o t h e s i z e d t h a t p r o m p t i n g h e l p s p h y s i c i a n s t o f ind m o r e of 
t h e i n f o r m a t i o n in a n x - r a y f i lm. T h e h y p o t h e s i s w a s a f f i r m e d for al l 
p h y s i c i a n s . T h e d r a w b a c k w i t h p r o m p t i n g is t h a t it n o t o n l y h e l p s u s e r s t o 
f i n d i n f o r m a t i o n t h a t is i n a f i lm, b u t i t s o m e t i m e s c a u s e s t h e m t o "see'' 
t h i n g s t h a t a r e n o t p r e s e n t . 
T h e r o a d u n t i l t h i s s y s t e m w i l l b e f u l l y o p e r a t i o n a l is s t i l l long a n d 
f i l led w i t h o b s t a c l e s . T h i s p r o t o t y p e d e a l s o n l y w i t h a s m a l l a s p e c t of t h e 
r o u t i n e w o r k i n t h e N e o n a t a l u n i t ( a d m i s s i o n p r o c e s s ) . B e f o r e i t c a n b e t e s t e d 
in a r e a l c l in ica l e n v i r o n m e n t all o t h e r f e a t u r e s of t h e r o u t i n e c l in ica l w o r k 
in a N e o n a t a l u n i t , s u c h a s i n t e r i m r e p o r t i n g a n d t h e d i s c h a r g e p r o c e s s 
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s h o u l d b e a d d e d t o t h e s y s t e m . M a n y m o r e d i s e a s e s a n d m o r e a l e r t s s h o u l d 
b e i n c o r p o r a t e d in o r d e r t o m a k e t h e s y s t e m f u n c t i o n a l . T h e ma jo r o b s t a c l e 
wi l l b e t o g e t t h e p h y s i c i a n s u s i n g t h e s y s t e m o n a r o u t i n e b a s i s a n d t o g e t 
ai l p h y s i c i a n s t r e a t i n g t h e p a t i e n t s t o a g r e e o n t h e c o m p u t e r d e c i s i o n s . I t 
m i g h t b e t h a t as N e o n a t o l o g y is a l i m i t e d s u b s p e c i a l t y w i t h a v e r y l i m i t e d 
p r o b l e m se t , p h y s i c i a n s w i i l n o t b e n e f i t f r o m u s i n g t h i s s y s t e m . T h e 
r e s i d e n t s a n d t h e i n e x p e r i e n c e d p h y s i c i a n s m i g h t b e n e f i t m o r e f r o m t h e 
s y s t e m . S u c h a p r o t o t y p e , if d e v e l o p e d in o t h e r d e p a r t m e n t s s u c h as i n t e r n a l 
m e d i c i n e o r g e n e r a l p e d i a t r i c s , m i g h t b e m o r e b e n e f i c i a l d u e t o t h e l a r g e r 
n u m b e r of p r o b l e m s w i t h w h i c h c l i n i c i ans d e a l . F u r t h e r d e v e l o p m e n t a n d 
e x p a n s i o n of NEONATE in a r e a l c l in ica l s e t t i n g is n e c e s s a r y in o r d e r t o 
e s t a b l i s h i t s u s a b i l i t y . 
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APPENDIX A 
NUMBER OF PROBLEMS THAT EXIST NEONATE PROBLEM LIST AND IN THE 
GOLD STANDARD PROBLEM LIST, BUT NOT IN THE PHYSICIAN 
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NUMBER OF TRUE POSITIVE. FALSE POSITIVE, FALSE NEGATIVE, TRUE 
NEGATIVE PROBLEMS AND THE SENSITIVITY AND THE 
SPECIFICITY VALUES OF NEONATE IN EACH 






Reco rd j T P j FP 1 FN I TN j S e n s i t i v . i Specif ic . I 
! 1 | 1 | 2 | 1 3 1 | 0 . 5 0 0 0 | 0 . 9 3 9 4 
2 ! 1 2 1 3 1 | 0 . 5 0 0 0 ! 0 . 9 3 9 4 | 
! 3 i 5 0 2 2 8 ! 0 . 7 1 4 3 | 1 .0000 
; 4 | 3 0 1 3 1 ! 0 , 7 5 0 0 j 1 .0000 
! 5 ! 4 0 o ! 3 1 ! 1 .0000 1 .0000 
! 6 i 2 I 1 | 0 3 2 1 .0000 ! 0 . 9 6 9 7 | 
I 7 : 3 1 o 3 1 ! 1 .0000 j 0 . 9 6 8 8 
! 8 2 1 2 3 0 I 0 . 5 0 0 0 i 0 . 9 6 7 7 
! 9 3 i 1 0 3 1 1 .0000 ! 0 . 9 6 8 8 
i 10 4 0 2 8 1 .0000 | 0 . 8 7 5 0 
! n 2 0 1 3 2 I 0 . 6 6 6 7 | 1 .0000 
! 12 3 1 0 3 1 ! 1 .0000 | 0 . 9 6 8 8 
i 13 1 2 0 3 2 1 .0000 i 0 . 9 4 1 2 
! 14 3 2 0 3 0 1 .0000 | 0 . 9 3 7 5 
! 15 3 i 1 3 0 0 . 7 5 0 0 0 . 9 6 7 7 
! 16 3 0 0 3 2 1 .0000 1 .0000 
! 17 1 1 3 3 0 0 . 2 5 0 0 0 . 9 6 7 7 
! 18 2 1 2 3 0 0 . 5 0 0 0 0 . 9 6 7 7 
! 19 3 0 0 3 2 1 .0000 1 .0000 
! 2 0 3 1 0 3 1 1 .0000 0 . 9 6 8 8 
2 1 -> 1 1 3 0 0 . 7 5 0 0 0 . 9 6 7 7 
1 2 2 7 1 0 3 2 1 .0000 0 . 9 6 9 7 
I 2 3 2 1 0 i 3 2 1 .0000 0 . 9 6 9 7 
! 2 4 | 2 1 1 1 3 1 0 . 6 6 6 7 0 . 9 6 8 8 
2 5 4 0 1 3 0 0 . 8 0 0 0 1 .0000 
1 2 6 ! 4 0 0 3 1 1 .0000 1 .0000 
! 2 7 5 2 0 2 8 1 .0000 0 . 9 3 3 3 
I 2 8 -> 0 0 3 2 1 .0000 1 .0000 
1 2 9 0 1 3 1 0 . 7 5 0 0 1 .0000 
! 3 0 *> 0 1 3 1 0 . 7 5 0 0 1 .0000 
T P - T r u e p o s i t i v e 
FP - Fa l s e p o s i t i v e 
FN - F a l s e n e g a t i v e 
TN - T r u e n e g a t i v e 
S e n s i t i v . - S e n s i t i v i t y 
Speci f ic . - Spec i f i c i ty 
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APPENDIX C 
NUMBER OF TRUE POSITIVE, FALSE POSITIVE, FALSE NEGATIVE, TRUE 
NEGATIVE PROBLEMS AND THE SENSITIVITY AND THE 
SPECIFICITY VALUES OF THE PHYSICIAN 
PROBLEM LIST IN EACH 






Record | TP FP FN TN j S e n s i t i v . j Specif ic . ! 
1 | 1 0 1 3 3 ! 0 . 5 0 0 0 ; i . 0 0 0 0 I 
2 j 1 ! 1 1 3 2 1 0 . 5 0 0 0 0 . 9 6 9 7 | 
3 ! 5 0 2 1 2 8 I 0 . 7 1 4 3 i 1 .0000 1 
4 1 0 3 3 1 0 . 2 5 0 0 | 1 .0000 
5 1 3 0 1 3 1 0 . 7 5 0 0 ! 1 .0000 ! 
6 1 1 1 3 2 1 0 . 5 0 0 0 | 0 . 9 6 9 7 
7 ! 2 1 1 1 - 2 1 ! 1 D1 0 . 6 6 6 7 I 0 . 9 6 8 8 
8 1 0 3 3 1 I 0 . 2 5 0 0 ! 1 .0000 
9 | 2 0 1 3 2 0 . 6 6 6 7 1 1 .0000 
10 1 o 2 | 3 2 u,555o , 1 .0000 1 
11 2 1 1 3 1 0 . 6 6 6 7 0 . 9 6 8 8 ! 
j 12 | 3 1 0 •» 1 1 1 .0000 0 . 9 6 8 8 ! 
i 13 0 1 1 3 3 0 . 0 0 0 0 0 . 9 7 0 6 
j 14 1 0 2 3 2 0 . 3 3 3 3 1 .0000 | 
! 15 1 3 0 1 3 1 0 . 7 5 0 0 1 .0000 | 
1 16 i 2 0 1 3 2 0 . 6 6 6 7 1 .0000 
i 17 1 1 
-> 
D 
3 0 0 . 2 5 0 0 0 . 9 6 7 7 1 
18 i 2 0 2 3 1 0 . 5 0 0 0 1 .0000 
1 19 ! 2 o 1 3 2 0 . 6 6 6 7 1 .0000 
! 2 0 2 0 1 3 2 0 . 6 6 6 7 1 .0000 | 
I 2 1 ! 2 0 I 2 3 1 0 . 5 0 0 0 i . o o o o ! 
I 2 2 2 0 0 3 3 1 .0000 1 .0000 
| 2 3 0 1 1 2 3 2 0 . 0 0 0 0 0 . 9 6 9 7 
I 2 4 | 1 1 2 3 1 0 . 3 3 3 3 0 . 9 6 8 8 
! 2 5 2 0 3 3 0 0 . 4 0 0 0 1 .0000 
1 2 6 3 0 1 3 1 0 . 7 5 0 0 1 .0000 
I 2 7 3 ; o ! 2 3 0 0 . 6 0 0 0 1 .0000 
1 2 8 2 0 1 3 2 I 0 . 6 6 6 7 1 1 .0000 
I 2 9 2 0 i 2 3 1 0 . 5 0 0 0 ! i . o o o o 
! 3 0 ! 3 1 0 1 3 1 0 . 7 5 0 0 1 1 .0000 
T P - T r u e p o s i t i v e 
FP - F a l s e p o s i t i v e 
FN - Fa l s e n e g a t i v e 
TN - T r u e n e g a t i v e 
S e n s i t i v . - S e n s i t i v i t y 
Speci f ic . - Spec i f i c i t y 
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APPENDIX D 
COMPARISON OF THE NUMBER OF TRUE POSITIVES BETWEEN NEONATE 
PROBLEM LIST AND THE PHYSICIAN PROBLEM LIST BY PROBLEM 
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p r o b l e m s : 
1 - T r a n s i e n t T a c h y p n e a of t h e N e w b o r n 
2 - S e p s i s 
3 - I n f e c t i o u s P n e u m o n i a 
4 - A s p i r a t i o n P n e u m o n i a 
5 - H y a l i n e M e m b r a n e D i s e a s e 
6 - M e t a b o l i c A c i d o s i s 
7 - H y p o k a l e m i a 
8 - S e p t i c S h o c k 
9 - A n e m i a 
10 - P n e u m o t h o r a x 
11 - CNS D e p r e s s i o n 
12 - S u b a r a c h n o i d H e m o r r h a g e 
13 - I n t r a v e n t r i c u l a r H e m o r r h a g e 
1 4 - P e r s i s t e n t P u l m o n a r y H y p e r t e n s i o n 
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APPENDIX E 
COMPARISON OF THE NUMBER OF FALSE POSITIVES BETWEEN NEONATE 
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p r o b l e m s : 
1 - T r a n s i e n t T a c h y p n e a of t h e N e w b o r n 
2 - S e p s i s 
3 - I n f e c t i o u s P n e u m o n i a 
4 - A s p i r a t i o n P n e u m o n i a 
5 - H y a l i n e M e m b r a n e D i s e a s e 
6 - M e t a b o l i c A c i d o s i s 
7 - H y p o k a l e m i a 
8 - S e p t i c S h o c k 
9 - A n e m i a 
10 - P n e u m o t h o r a x 
11 - CNS D e p r e s s i o n 
12 - S u b a r a c h n o i d H e m o r r h a g e 
1 3 - I n t r a v e n t r i c u l a r H e m o r r h a g e 
14 - P e r s i s t e n t P u l m o n a r y H y p e r t e n s i o n 
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